Chapter 1 Function Transformations 

Section 1.1 Horizontal and Vertical Translations 
Section 1.1 Page 12 Question 1 

a) Fory—5=f(x),4=Oandk=S. 

b) For y=f(x) —4,4=0 and k=—+4. 

c) For y=f(x +1), h=-1 andk=0. 

d) Fory+3=f(x-7),h=7 andk=-3. 

e) For y=f(x + 2)+4,h=-2 andk=4. 

Section 1.1 Page 12 Question 2 

A(C-4, -2), B(-3, 1), C1, 1), DC, —1), EQ, —-1) 


a) For g(x) = f(x) +3, A'-4, 1), B33, 4), b) For A(x) = Ax —2), A’C2, -2), BCI, 1), 
C’-1, 4), D'(, 2), and E((2, 2). C(I, 1), D'(G, -1), and E"(4, -1). 
|V 


x)= fix) +13 


c) For s(x) = f(x + 4), A'C8, -2), B(-7, 1), d) For a(x) = fx) -2, AH, -4), 
C5, 1), D’‘C3, -1), and E'2, -1). B(-3, -1), C’(-1, -1), D'(I, -3), and 
E(2, -3). 


| ss fk 44) | | 
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Section 1.1 Page 13 Question 3 

For horizontal translation and vertical translation, every point (x, y) on the graph 
of y = f(x) is transformed to (x +h, y +k). 

a) Fory=f(x + 10), A =—10 and k = 0: (x, y) — (x— 10, y). 

b) Fory + 6=f/(x), h =0 and k =—6: (x, vy) > (x, y— 6). 

c) For y=f(x—7)+4,h=7 and k=4: (x, y) > (x +7,y +4). 


d) For y—3 =f(x- 1), h=1 and k =3: (x, y) > «+1, y +3). 


Section 1.1 Page 13 Question 4 


a) For r(x) = f(x + 4) — 3, 4 =—4 and k =-3. The graph of 
r(x) = f(x + 4) —3 can be obtained from the graph of 
y=f(x) by a vertical translation of 3 units down and a 
horizontal translation of 4 units to the left. 


(x, y) > @—-4, y— 3) 


b) For s(x) = f(x — 2) —4, A =2 and k =—4. The graph of 
s(x) = f(x — 2) — 4 can be obtained from the graph of 

y =f(x) by a vertical translation of 4 units down and a 
horizontal translation of 2 units to the right. 

(x, y) —* (x +2, y—4) 


c) For “(x) = f(x — 2) +5, =2 and k=5. The graph of 
t(x) = f(x — 2) + 5 can be obtained from the graph of 
y= f(x) by a vertical translation of 5 units up and a 
horizontal translation of 2 units to the right. 

(x,y) > («4+2,y +5) 


1x} = if(x —12)/4- 5 
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d) For v(x) = f(x + 3) + 2, A=-3 and k = 2. The graph of y 
v(x) = f(x + 3) + 2 can be obtained from the graph of U(x} = If4 +/3)|+ 2 
y= f(x) by a vertical translation of 2 units up and a 
horizontal translation of 3 units to the left. 

(x, y) —_ 2,9: 2) 


Section 1.1 Page 13 Question 5 


a) Translated 5 units to the left and 4 units up represents h = —5 and k = 4. The equation 
of the transformed function is y — 4 = f(x + 5). 


b) Translated 8 units to the right and 6 units up represents / = 8 and k = 6. The equation 
of the transformed function is y — 6 = f(x — 8). 


c) Translated 10 units to the right and 8 units down represents A = 10 and k =—8. The 
equation of the transformed function is y + 8 = f(x — 10). 


d) Translated 7 units to the left and 12 units down represents h = —7 and k =—12. The 
equation of the transformed function is y + 12 = f(x + 7). 


Section 1.1 Page 13 Question 6 


The graph of y =x’ passes through (4, 16). If the transformed graph passes through 
(4, 19), then a vertical translation of 3 units up has been applied. 


Section 1.1 Page 13 Question 7 


The graph of y =x’ passes through (4, 16). If the transformed graph passes through 
(5, 16), then a horizontal translation of 1 unit to the right has been applied. 


Section 1.1 Page 13 Question 8 

Translation Transformed Function | Transformation of Points 
vertical y=fix) +5 (x,y) > &, y +5) 
horizontal y=fxt7) (x,y) ~ «—- 7, y) 
horizontal y=f(x- 3) (x, y) > (x +3, y) 
vertical v=f(x) -— 6 (x, y) — (x, y — 6) 
horizontal and vertical | y+9=f(x+ 4) (x, y) > (x-4, y— 9) 
horizontal and vertical | y+6=f(x-4) (x,y) 7 at+4,y-6) 
horizontal and vertical | y — 3 = f(x + 2) (x,y) > &@-2,y +3) 
horizontal and vertical | v=f(x-A) +k (x, y) > (x th, y +k) 
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Section 1.1 Page 13 Question 9 


a) Translated 4 units to the left and 5 units up represents h = -4 and k = 5. The equation 
of the transformed function is y = (x + 4)’ +5. 


b) For y=(x +4)’ +5, the domain is {x |x € R} and the range is {y| y>5, y € R}. 

c) To determine the image function’s domain and range, add the horizontal and vertical 
translations to the domain and range, respectively, of the base function. Since the domain 
is the set of real numbers, nothing changes, but the range does change. 


Section 1.1 Page 13 Question 10 


Given f(x) = |x| and g(x) = f(x -— 9) +5. 
a) The equation of the transformed function is g(x) = |x — 9| + 5. 


b) The graph of g(x) is a vertical and horizontal translation of the graph of f(x) by 5 units 
up and 9 units to the right. 


c) Example: 
Graph of f(x) Graph of g(x) 
Horizontal translation | Vertical translation 
(—2, 2) (7, 2) (7, 7) 
(0, 0) (9, 0) (9, 5) 
(25:2) (11, 2) (11, 7) 
d) Example: 
Graph of f(x) Graph of g(x) 
Vertical translation | Horizontal translation 
(-2, 2) (2,7) (7, 7) 
(0, 0) (0, 5) (9, 5) 
(2, 2) (2, 7) (11, 7) 


e) The coordinates of the image points from parts c) and d) are the same. The order in 
which the translations occur does not matter. 
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Section 1.1 Page 14 Question 11 


1 
a) Choose key points on the graph of f(x) = — and locate 
x 


the corresponding image points on the graph of the 
translated function in red (g(x)). 

f(x) g(x) 

(—2, -0.5) — (1, -0.5) 

(-1,-1) ~(2,-1) 

(1, 1) — (4, 1) 

(2,0.5) —(5, 0.5) 

Sy) —>@+3,y) 

The equation of the translated function is y = f(x — 3). 


b) Choose key points on the graph of y = f(x) and locate 
the corresponding image points on the graph of the 
translated function in red (g(x)). 

fix) gx) 

(-3, 1) — (G, -4) 

(-2, 4) — (4,-1) 

(-1, 1) > (5, -4) 

(0, 4) — (6, -1) 

(1,1) (7,-4) 

(x, y) —* (x + 6, y— 5) 

The equation of the translated function is y + 5 = f(x — 6). 


Section 1.1 Page 14 Question 12 


a) Example: Graph A shows that it took Janine 
2 h to cycle to the lake, 25 km away. She rests at 
the lake for 2 h and then returns home in 3 h. 

If she left her home at 12 non, she returned at 

7 p.m. 


Distance From 
Home (km) 


b) Example: Graph B shows the same trip as 
Graph A, but Janine does not leave her home 
until 3 p.m. and returns at 10 p.m. 


2 


4 | 6 
Time (h) 


c) The equation of graph B is y = f(x — 3). 
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Section 1.1 Page 14 Question 13 


a) Example: The semicircle directly to the right is a translation of 8 units to the right of 
the base semicircle. 


b) Example: The equation of the semicircle directly to the right is y = f(x — 8). The 
equation of the semicircle to the right and up is y = f(x — 4) + 3.5. The equation of the 
semicircle to the left and up is y = f(x + 4) + 3.5. 


Section 1.1 Page 14 Question 14 
a) Example: A repeating X by using two linear 
functions y = x and y =-x. 


b) The original design is shown in blue. 
Red: y= f(x - 1) 

Green: y = f(x + 1) 

Purple: y = f(x + 5) 

Gold: y = f(x — 4) 


Section 1.1 Page 15 Question 15 


a) A vertical translation of 2 units up of the 
graph would result from having 200 more trout 
in 1970. y=f{t) + 2 


b) A horizontal translation of 3 units to the 
right of the graph would result if recording the 
number of trout started in 1973. y = f(t — 3) 
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Section 1.1 Page 15 Question 16 


If n = f(A) gives the number of gallons, n, of paint needed to cover an area, A, in square 
metres, then n = f(A) + 10 represents the number of gallons Paul needs for a given area 
plus 10 more gallons. In this same context, n = f(A + 10) represents how many gallons he 
needs to cover an area A less 10 units of area. 


Section 1.1 Page 15 Question 17 
a) The translated parabola will have an equation of the form y = (x —h)’ +k. For an 


image parabola with zeros 7 and 1, the equation of the axis of symmetry is x = 4. 
So, h =4 and y = (x —4)° + k. Use the coordinates of a given point to solve for k. 


y=(x-4/ +k 
0=(1-4/P +k 
0=9+k 
k=-9 


The equation of the image function is y = (x — 4)” — 9. 
b) The graph of y =x” has been translated 4 units to the right and 9 units down. 


c) Substitute x = 0. 


yaa) 9 
y=(0-4)-9 
y=16-9 
ye 


The y-intercept of the translated function is 7. 


Section 1.1 Page 15 Question 18 


a) The graph of y—4= = is a vertical translation of 4 units up of the graph of y = 
x 


Se 


b) The graph of y = 


I 4 : : . 
5 is a horizontal translation of 2 units to the left of the graph of 
xX+ 


yr 


& le 


c) The graph of y—3 = is a vertical translation of 3 units up and horizontal 


translation of 5 units to the right of the graph of y = 


ele 
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d) The graph of y = ~~ — 4 is a vertical translation of 4 units down and horizontal 
x+ 


ale 


translation of 3 units to the left of the graph of y = 


Section 1.1 Page 15 Question 19 


a) Prediction: The graph of y+ 3 = (x 2)° —(x—2)° will be a vertical translation of 
3 units down and horizontal translation of 2 units to the right of the graph of y = x° — x. 


b) The prediction was correct. 


VE=(k-12)— x4 2F 8 


Section 1.1 Page 15 Question C1 


a) Ifthe horizontal translation is performed before the vertical translation, the function 
y = f(x) becomes y = f(x — h) and then y = f(x —h) + k. 

If the vertical translation is performed before the horizontal translation, the function 
y=f(x) becomes y = f(x) + k and then y = f(x —h) +k. 

The final function equations are the same. So, translations can be applied in either order. 


b) Potentially, the domain is shifted by / and the range is shifted by k. 
Section 1.1 Page 15 Question C2 


a) Completing the square reveals the location of the vertex and the translations of the 
graph of y =x". 


fax +2xe+1 
fx) = +2x+1-1)+1 
fo =G2): 


The graph of y = x’ is translated 1 unit to the left to obtain the graph of f(x) =x° + 2x + 1. 
graph ol y 


b) Complete the square. 

g(x) =x —4x +3 

g(x) = (x — 4x + 4-4) +3 

g(x) =(@-2)"-1 

The graph of y =x’ is translated 2 units to the right and | unit down to obtain the graph of 
te eg 

g(x) =x -4x +3. 
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Section 1.1 Page 15 Question C3 


Comparing the graphs of the corresponding functions for the equations x* — x — 12 =0 
and (x — 5)” —(x — 5) — 12 = 0 shows that the second is a horizontal translation of the first 
by 5 units to the right. Since the roots of the first equation are —3 and 4, the roots of the 
second equation will be —3 + 5 and 4+ 5, or 2 and 9. 


Section 1.1 Page 15 Question C4 


If the base function f(x) = x is translated vertically, the function becomes y = x + k. So for 
4 units up, the equation is y= x + 4. 

If the base function f(x) = x is translated horizontally, the function becomes y = (x — h). 
So for 4 units to the left, the equation is y= (x + 4) ory=x+4. 


Section 1.2 Reflections and Stretches 


Section 1.2 Page 28 Question 1 
a) 
x | fiXy=2x41) ox)=-fX) | WX) =F(-”) 
_4 —f 7 9 
—2 —3 3 5 
0 1 1 1 
2 5 —5 —3 
4 9 —9 —f 


c) The y-coordinates of the points on the graph of g(x) have changed sign compared to 
the corresponding points on the graph of f(x). The invariant point is (—0.5, 0). 

The x-coordinates of the points on the graph of h(x) have changed sign compared to the 
corresponding points on the graph of f(x). The invariant point is (0, 1). 


d) The graph of g(x) is a reflection in the x-axis of the graph of f(x). The graph of h(x) is 
a reflection in the y-axis of the graph of f(x). 
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Section 1.2 Page 28 Question 2 


ayo 
x f= ge) = 34) | x) = 5h) 
| 3 | 108 12 
3 9 | 2 
| . 0 
27 
36 108 12 


c) The y-coordinates of the points on the graph of g(x) are three times far from the x-axis 
as the corresponding points on the graph of f(x). The invariant point is (0, 0). The 
y-coordinates on the graph of h(x) are one-third as far from the x-axis as the 
corresponding points on the graph of f(x). The invariant point is (0, 0). 


d) The graph of g(x) is a vertical stretch by a factor of 3 of the graph of f(x), while the 
graph of h(x) is a vertical stretch by a factor of : of the graph of f(x). 


Section 1.2 Page 28 Question 3 


a) A reflection in the x-axis of f(x) = 3x results in the 
function g(x) =—3x. 


fix): domain {x |x € R}, range {y|y € R} 
g(x): domain {x |x € R}, range {y|yv € R} 


b) A reflection in the x-axis of g(x) =x° + 1 results in the 
function h(x) =x? — 1. 


g(x): domain {x |x € R}, range {y|y>=1,y € R} 
h(x): domain {x |x € R}, range {y|y<-l,y € R} 


MRR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 1 Page 10 of 57 


ee ' 1 : 
c) A reflection in the x-axis of h(x) = — results in the function 
x 


h(x): domain {x |x #0,x € R}, range {vy| y#0,y € R} 
k(x): domain {x |x #0,x € R}, range {vy| v#0,y € R} 


Section 1.2 Page 28 Question 4 


a) A reflection in the y-axis of f(x) = 3x results in the 
function g(x) =—3x. 


fix): domain {x|xe R}, range {y|y € R} 
g(x): domain {x |x € R}, range {y|y € R} 


b) A reflection in the y-axis of g(x) =x° + 1 results in the 
function A(x) =x° + 1. Ax) Ex? + 1 
hix)E x? + 1 
g(x): domain {x |x € R}, range {y|y>=1,y € R} 
h(x): domain {x |x € R}, range {y|v=1,y € R} 


ee : 1 : 
c) A reflection in the y-axis of A(x) = — results in the 
x 


function k(x) = a ; 
x 


h(x): domain {x |x #0,x € R}, range {y|y#0,y € R} 
k(x): domain {x |x #0,x € R}, range {y|v#0,y € R} 


Section 1.2 Page 29 Question 5 


a) Since a = 4, the graph of y = 4f(x) is a vertical stretch of the graph of y = f(x) about the 
x-axis by a factor of 4. The points on the graph of y = 4f(x) relate to the points on the 
graph of y = f(x) by the mapping (x, y) > (x, 4y). 


b) Since b = 3, the graph of y = f(3x) is a horizontal stretch of the graph of y = f(x) about 
the y-axis by a factor of : . The points on the graph of y = f(3x) relate to the points on the 


graph of y = f(x) by the mapping (x, y) > [ix ») : 
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c) Since a =-1, the graph of y = —((x) is a reflection of the graph of y = f(x) in the x-axis. 
The points on the graph of y = —/(x) relate to the points on the graph of y = f(x) by the 
mapping (x, y) > (x, -y). 


d) Since b =-1, the graph of y = f(x) is a reflection of the graph of y = f(x) in the y-axis. 
The points on the graph of y = f(—x) relate to the points on the graph of y = f(x) by the 
mapping (x, vy) > (-x, y). 

Section 1.2 Page 29 Question 6 


a) For the given graph of y = f(x), the domain is {x |-6 <x <6,x € R} and the range is 
{y|4<y<4,v e€ R}. Ifthe graph of y = f(x) is vertically stretched about the x-axis by a 
factor of 2, the domain remains the same but the range becomes {y |-8 <y <8, y € R}. 


b) Since all points on a graph that is vertically stretched relate to the points on the 
original graph by the mapping (x, vy) — (x, ay), the domain remains the same but the 
range changes by a factor of a. 


Section 1.2 Page 29 Question 7 


a) Compare key points on the graphs of y = f(x) and y = g(x). 


x y=f)_ | y=g9() 
0 0 


O;Rjo;s 


1 1 
0 2 
2 1 
4 0 


The transformation can be described by the mapping 

(x, y) — (x, 4v). This indicates a vertical stretch about the 
x-axis by a factor of 4. The equation of the transformed 
function is g(x) = 4f(x). 


b) Compare key points on the graphs of y = f(x) and 
y = g(x). 


x | y=fe) | y=9) 
2 2 


_4 

Es) 0 0 
0 y) 25 
2 4 =4 


The transformation can be described by the mapping 
(x, vy) — (x, —y). This indicates a reflection in the x-axis. 
The equation of the transformed function is g(x) = —f(x). 
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c) Compare key points on the graphs of y = f(x) 
and y = g(x). 


x y = f(x) x | y=g(%) 
6 4 =) 0 
3 0 1 4 

0 4 0 8 

3 0 1 4 

6 4 2 0 


The transformation can be described by the mapping (x, y) > [Fe ») . This indicates a 


horizontal stretch about the y-axis by a factor of : . The equation of the transformed 


function is g(x) = f(3x). 


d) Compare key points on the graphs of y = f(x) and 
y = g(x). 


x y=f) x | y=g(x) 
=) 6 2 6 
4 4 1 4 
zs) 0 =) 
2 2 a, 6 


The transformation can be described by the mapping 
(x, vy) — (x, y). This indicates a reflection in the y-axis. 
The equation of the transformed function is g(x) = f(-x). 


Section 1.2 Page 29 Question 8 


The transformation y = /(0.5x) can be described by the 
mapping (x, y) — (2x, y). 


Section 1.2 Page 30 Question 9 


Ve f(0.5x) 


a) When x is replaced by 4x, the equation becomes y = f(4x) and the graph of y = f(x) is 


stretched horizontally about the y-axis by a factor of . ‘ 
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1 
b) When x is replaced by ria the equation becomes y= f (J s| and the graph of 


y = f(x) is stretched horizontally about the y-axis by a factor of 4. 


c) When y is replaced by 2y, the equation becomes y = : f(x) and the graph of y = f(x) is 


stretched vertically about the x-axis by a factor of ; ‘ 


d) When y is replaced by - y, the equation becomes y = 4f(x) and the graph of 


y = f(x) is stretched vertically about the x-axis by a factor of 4. 


e) When x is replaced by —3x, the equation becomes y = f(—3x) and the graph of y = f(x) 


; 1 : 
is stretched horizontally about the y-axis by a factor of ; and reflected in the y-axis. 


1 ; 
f) When y is replaced by 3 y, the equation becomes y = —3f{x) and the graph of 


y = f(x) is stretched vertically about the x-axis by a factor of 3 and reflected in the x-axis. 
Section 1.2. Page 30 Question 10 


a) Apply reflection first. b) Apply stretch first. 


c) Both Thomas and Sharyn are correct. Reflections and stretches can be applied in any 
order. 
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Section 1.2 Page 30 Question 11 


b) Both functions are reflections in the ¢-axis and vertical stretches of the base function 
d= f°. The object falling on Earth (d =—4.97°) is stretched vertically more than the object 
falling on the moon. 


Section 1.2 Page 30 Question 12 


Example: When the graph of y = f(x) is transformed to the graph of y = fbx), it undergoes 
a horizontal stretch about the y-axis by a factor of a and only the x-coordinates are 
affected. When the graph of y = f(x) is transformed to the graph of y = af(x), it undergoes 
a vertical stretch about the x-axis by a factor of |a| and only the y-coordinates are affected. 


Section 1.2 Page 30 Question 13 


a) 


b) For asphalt, substitute f= 0.9 and n = 1 into D= : s p= 1 9 ; 
30 fn 21 
For gravel, substitute f= 0.8 and n = 1 into D = St peg. 
30 fn 24 


; : 1 1 
For snow, substitute f= 0.55 and n = 1 into D = Ss) p= Cae 
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: 1 1 
For ice, substitute f= 0.25 and n = | into D= S’: D= —S?. 
30 fn 13 


As the drag factor decreases, the length of the skid mark 
increases for the same speed. 


Section 1.2 Page 31 Question 14 

The zeros of the function f(x) = (x + 4)(x — 3) are -4 and 3. 

a) Since the points on the graph y = 4f(x) relate to the graph of f(x) by (x, y) — (x, 4y), 
the zeros do not change. 

b) Since the points on the graph y = f(—x) relate to the graph of f(x) by (x, y) — (-x, y), 
the zeros will occur at x = 4 and x =-3. 

c) Since the points on the graph y= f (S| relate to the graph of f(x) by 


(x, vy) — (2x, y), the zeros will occur at x =—8 and x = 6. 


d) Since the points on the graph y = f(2x) relate to the graph of f(x) by (x, y) — ¢ x: ”) : 
the zeros will occur at x = —2 andx = 1.5. 

Section 1.2 Page 31 Question 15 

The graph of a function y = f(x) is contained completely in quadrant IV. 

a) A transformation to y =—/(x) represents a reflection in the x-axis: (x, y) — (x, —y). 


If y = f(x) is transformed to y = —/{(x), it will be in quadrant I. 


b) A transformation to y = f(—x) represents a reflection in the y-axis: (x, y) — (-x, y). 
If y = f(x) is transformed to y = f(—x), it will be in quadrant III. 


c) A transformation to y = 4f(x) represents a vertical stretch about the x-axis: 


(x, y) > (x, 4y). 
If y = f(x) is transformed to y = 4f(x), it will be in quadrant IV. 
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1 : 
d) A transformation to y= f 4 s| represents a horizontal stretch about the y-axis: 


(x, y) > (4x, y). 
If y = f(x) is transformed to y = 4f(x), it will be in quadrant IV. 


Section 1.2 Page 31 Question 16 
a) To reflect the graph of f(x) = |x| in the line x = 3, 


each image point is the same distance from the line 
x = 3 as its corresponding key point. 


b) To reflect the graph of f(x) = |x| in the line y = —2, each image 
point is the same distance from the line y = —2 as its corresponding 
key point. 


Section 1.2 Page 31 Question C1 


Example: When the input values for g(x) are b times the input values for f(x), the scale 


1 er 
factor must be 5 (for b > 0) to maintain the same output values. 


o(x) = rf +) = fix) 


Section 1.2 Page 31 Question C2 


a) Transformations that result in the x-intercepts being invariant points are vertical 
stretches or a reflection in the x-axis. 


b) Transformations that result in the y-intercepts being invariant points are horiontal 
stretches or a reflection in the y-axis. 
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Section 1.2. Page 31 Question C3 


T(x) | g(x) | Transformation 
(5,6) | (5,—6) | reflection in the x-axis 
(4, 8) | (—4, 8) reflection in the y-axis 
(2, 3) | (2, 12) | vertical stretch by a factor of 4 


| horizontal stretch by a factor of 
(4,-—12) | (2, —6) 


and vertical stretch by a factor of 5 
| 


Section 1.2 Page 31 Question C4 


Section 1.2. Page 31 Question C5 


a) For the sequence —10, —6, —2, 2, 6, ... a=—10 and d= 4. So, the general term is 
th=a+(n—1)d 

tr =-10 + (n—1)(4) 

th=—14+4n 


b) For the sequence 10, 6, 2, —2, -6, ... a= 10 and d =-4. So, the general term is 
th=at+(n-1)d 

th = 10+(n—-1)-4) 

t,=14—4n 


c) Since the general term for part a) equals —1 times the general term in part b), the 
graphs will reflections of each other in the x-axis. 

Section 1.3 Combining Transformations 

Section 1.3 Page 38 Question 1 

a) The graph of y =x’ is stretched horizontally about the y-axis by a factor of 2 and then 
reflected in the x-axis: b = 0.5 and a =—1. Then, the transformed equation is y = —{(0.5x) 
or 


y= ~(0.5x) 
=20 95x" 
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: ; 1 
b) The graph of y =x’ is stretched horizontally about the y-axis by a factor of re 
: : 1 
reflected in the y-axis, and then stretched vertically about the x-axis by a factor of A : 
Baty 1 1 
b=-4 anda= * . Then, the transformed equation is y = ri fi-4x). Then, y = 7 (4x)° , or 
y= Ax”. 
Section 1.3 Page 38 Question 2 
a) Write g(x) =—3f(4x — 16) — 10 in the form g(x) = affb(x —h) + k: 
g(x) =-3ff4(x — 4) — 10 


Then, a=-3,b=4,h =4, andk =-10. 
The function f(x) is transformed to the function g(x) by a horizontal stretch about the 


y-axis by a factor of 7 It is vertically stretched about the x-axis by a factor of 3. It is 


reflected in the x-axis, and then translated 4 units to the right and 10 units down. 


Section 1.3 Page 39 Question 3 
For y-4=f(x-5),a=1,b=1, 
h=5,andk=4. : s " 
For y+ 5 = 2f(3x), a= 2, b=3, t & eis 
h=0, and k=-5. <1 6 = 3 
1 (1 1 €/e\2/8 
= = - a 
Fory= f[50-9}.a= 3. glalazl&las 
$13 F 3 5 
2 = 
et es Function 2 5 Ne ae 
For y+ 2 =-3f(2(x + 2)), a=-3, y—4=f(x—5) none | none | none | 4 5 
b=2,h=-2,k=-2. : 
yv+5=2f(3x) none 2 Fy —5 | none 
y= S4(Sex — 4)) none - 2 none 4 
y+2=-3f(2(x +2)) | xaxis| 3 = Soe. 
Section 1.3 Page 39 Question 4 
a) Locate key points 
on the graph of f(x) and 
their image points on 
the graph of k(x). 
(-4, 4) = (4, 2) 
2, 4) —- (0, 2) 
(0, —2) ig (2, 4) 
(2, 3) — M4, 1) 
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Since the x-coordinates have all changed sign, the graph has been reflected in the y-axis. 
The overall width and height have not changed, so the graph has not been vertically or 
horizontally stretched. Since the y-intercept has changed, the graph has been translated 
2 units to the left and 2 units down. So, a= 1, b=—1, h =—2, k =—2, and the equation of 
the transformed graph is y = f(-{(x + 2)) —2. 


b) Locate key points on 
the graph of f(x) and their 
image points on the 
graph of m(x). 

(-6, 4) — (4, 0) 

(-2, 4) — (2, 0) 

(0, -2) — (-1, -6) 

(2, 3) > (0, -1) 


Since the orientation is unchanged, the graph has not been reflected in either axis. 

The overall width has changed, so the graph has been horizontally stretched by a factor of 
0.5. Since the y-intercept has changed, the graph has been translated 1 unit to the left and 
4 units down. So, a= 1, b=2,h =—1, k =-4, and the equation of the transformed graph 


is y=f(2(x + 1)) —4. 


Section 1.3 Page 39 Question 5 


a) vertical stretch about the x-axis by a factor of 2: a= 2, y = 2f{x) 
: : 1 
horizontal stretch about the y-axis by a factor of 3 >b=3, y= 2f(3x) 


translation of 5 units to the left and 3 units up: A =—5 and k = 3, y= 2f(3(x + 5)) +3 
y+ Qalxt+5)+3| |v 


b) vertical stretch about the x-axis by a factor of : :a= : y= ; Kx) 
1 apf 1 
horizontal stretch about the y-axis by a factor of 3: b= re y= Fi f a Pe 
translation of 3 units to the right and 4 units down: / = 3 and k = +4, 
3 1 | 
= x—3) |-4 
ears a | 
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ST vaee 


Section 1.3 Page 39 Question 6 


a) The graph of y + 6 = f(x — 4) is related to the graph of y = f(x) by the mapping 
(x, vy) — (x + 4, y— 6). So, the key point (—12, 18) becomes the image point (—8, 12). 


b) The graph of y = 4f(3x) is related to the graph of y = f(x) by the mapping 
(x,y) > [Fx ty) . So, the key point (-12, 18) becomes the image point (-4, 72). 


c) The graph of y = —2f(x — 6) + 4 1s related to the graph of y = f(x) by the mapping 
(x, y) > (x + 6, —2y + 4). So, the key point (—12, 18) becomes the image point (—6, —32). 


d) The graph of y = 27 = 6 }4 ory=-2f(-F649)} +4 is related to the 


graph of y = f(x) by the mapping (x, vy) > [-3. —9,-2y+ | . So, the key point 


(—12, 18) becomes the image point (9, —32). 
e) The graph of y+ 3 = 5 f (2(x+ 6)) is related to the graph of y = f(x) by the mapping 


(x,v)—> Ge —6, -3y - 3 . So, the key point (—12, 18) becomes the image point 


(-12, -9). 
Section 1.3 Page 40 Question 7 


a) For y= 2f(x-3) + 4,a=2,b=1,h=3, and k=4. The graph of y = f(x) is vertically 
stretched about the x-axis by a factor of 2 and then translated 3 units to the right and 

4 units up. 

(x, y) ~ (x +3, 2y + 4) 


MRR °* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 1 Page 21 of 57 


b) For y =-((3x) —- 2, a=-1, b=3, h = 0, and k =-2. The graph of y = f(x) is 
horizontally stretched about the y-axis by a factor of : , reflected in the x-axis, and then 


translated 2 units down. 


enn)» ($n-y-2) 


c) For y=—2ft-(+ 2)), a= 7b 1, h=—-2, and k =0. The graph of y = f(x) is 


: 1 
reflected in the y-axis, vertically stretched about the x-axis by a factor of ric reflected in 


the x-axis, and then translated 2 units to the left. 


1 
eee 


d) For y—3 =-f(4(x - 2)), a=—-1, b =4, h =2, and k =3. The graph of y = f(x) is 


1 : 
horizontally stretched about the y-axis by a factor of re reflected in the x-axis, and then 


translated 2 units to the right and 3 units up. 
1 
(x, Vv) > [Fe+2-y43) 
2 3 


e) For y= -24(-3x).0- 5o0> se ee The graph of y = f(x) is 


: 4 ; 
horizontally stretched about the y-axis by a factor of 3° reflected in the y-axis, vertically 


: 2 : : 
stretched about the x-axis by a factor of 3° and then reflected in the x-axis. 


4 2. 
(x, y) = [-$s.-29 
f) Write 3y — 6 = f(—2x + 12) in the form y — k = af(b(x — h): 
3y —6 = f(-2x + 12) 
3(y — 2) =f(- 2x - 6)) 
y-2= + f-20¢-6) 


Then, a : , 5 =-2,h=6, and k= 2. The graph of y = f(x) is horizontally stretched 


1oS) 


1oS) 


about the y-axis by a factor of , reflected in the y-axis, vertically stretched about the 


x-axis by a factor of : , and then translated 6 units to the right and 2 units up. 
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1 1 
»y) > | --x4+6,-yt+2 
(x, ¥) [-33 af 


Section 1.3 Page 40 Question 8 


a) For a vertical stretch about the x-axis by a factor of 3, a reflection in the x-axis, a 
horizontal translation of 4 units to the left, and a vertical translation of 5 units down, 
a=-3,b=1,h=-4, and k =-5. So, the equation of the transformed function is 
yt5=-3fx + 4). 


1 
b) For a horizontal stretch about the y-axis by a factor of oe a vertical stretch about 


3 ——. : 
the x-axis by a factor of re a reflection in both the x-axis and the y-axis, and a translation 


of 6 units to the right and 2 units up, a = : ,b=-3,h=6, and k = 2. So, the equation of 


the transformed function is y — 2 = : A-3(x« — 6)). 


Section 1.3 Page 40 Question 9 


a) To obtain the graph of y + 2 = f(x — 3), the graph 
of y = f(x) is translated 3 units to the left and 2 units 
down. 


b) To obtain the graph of y = —/(-»), the graph of 
y = f(x) is reflected in the x-axis and the y-axis. 


c) To obtain the graph of y = f(3(x — 2)) + 1, the graph y 


of y = f(x) is stretched horizontally about the y-axis by PIB leN +1 


a factor of ; and translated 2 units to the right and 


1 unit up. 
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d) To obtain the graph of y= 3 f [ss] , the 


graph of y = f(x) is stretched horizontally about 
the y-axis by a factor of 3 and stretched 
vertically about the x-axis by a factor of 3. 


16 


e) To obtain the graph of y + 2 =—3f(x + 4), the graph of 

y = f(x) is stretched vertically about the x-axis by a factor of 3, 
reflected in the x-axis, and translated 4 units to the left and 

2 units down. 


f) To obtain the graph of y = sf(-Z0+2)| ae 


the graph of y = f(x) is stretched horizontally about 
the y-axis by a factor of 2, reflected in the y-axis, 
stretched vertically about the x-axis by a factor 


of : , and translated 2 units to the left and 


1 unit down. 
Section 1.3 Page 40 Question 10 


a) Locate key points on the graph of f(x) 
and their image points on the graph of g(x). 
(4, 0) — (4, 10) 

(0, 4) — (8, —2) 

(4, 0) — (12, 10) 

The orientation is changed, the graph has 
been reflected in the x-axis. The overall 
height has changed, so the graph has been 
vertically stretched by a factor of 3. Since 
the y-intercept has changed, the graph has 
been translated 8 units to the right and 10 
units up. So, a=-3, b= 1,h=8,k= 10, 
and the equation of the transformed graph is y = —3f(x — 8) + 10. 
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b) Locate key points on the graph of f(x) 
and their image points on the graph of g(x). 
(-6, 4) = C3; —6) 


(—2, 4) — (1, -6) 
(1, 0) — (4, 2) 
(4, 5) > (7, -8) 


The orientation is changed, the graph has 
been reflected in the x-axis. The overall 
height has changed, so the graph has been 
vertically stretched by a factor of 2. Since 
the x-intercept has changed, the graph has 
been translated 3 units to the right and 

2 units up. So, a=-2,b=1,h =3,k=2, 
and the equation of the transformed graph is y = —2f(x — 3) + 2. 


c) Locate key points on the graph of f(x) 
and their image points on the graph of g(x). 
(8, 0) =m Gs, 7) 


(4, 4) — (-6, 5) 
(0, -6) — (-4, 10) 
(-4, 2) — (2, 6) 


The orientation is changed, the graph has 
been reflected in the x-axis and in the 

y-axis. The overall width and height have 
changed, so the graph has been vertically 


stretched by a factor of ; and horizontally 


stretched by a factor of : ; 


The graph has been translated 4 units to the 


left and 7 units up. So, a= 5 ,b=-2, 


h=-4, and k = 7, and the equation of the transformed graph is y = -5 if (-2(x + 4)) +7. 


Section 1.3 Page 40 Question 11 


a) For g(x) =-2f4( + 2)) — 2, a=-2, b= 4, h =-2, and 
k =—2. The graph of f(x) = x’ is stretched horizontally 
about the y-axis by a factor of 0.25, stretched vertically 4|—31/—2/-—1 10 
by a factor of 2, reflected in the x-axis, and translated AX) = —2F(A(X +\2)) — [2 i> 
2 units to the left and 2 units down. 


~4 


MRR °* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 1 Page 25 of 57 


b) Write g(x) = —2f(-3x + 6) + 4 in the form y 
y=af(b(x —h) +k: g(x) =-2f-3(x - 2)) +4 

For g(x) = -2f(-3(x — 2)) + 4, a=-2, b=-3, h =2, and 
k =4. The graph of f(x) = |x| is stretched horizontally 


gxjs —2f(+-3x+6)+4 


, 1 é 
about the y-axis by a factor of 5 reflected in the y-axis, 


stretched vertically by a factor of 2, reflected in the 
x-axis, and translated 2 units to the right and 4 units up. 


c) For g(x) =—<fl-2(« +3)) 2,a= == 2, 


=-—3, and k= -2. The graph of f(x) = x is stretched 
horizontally about the y-axis by a factor of 0.5, 
reflected in the y-axis, stretched vertically by a factor 


1 : : ; 
of = reflected in the x-axis, and translated 3 units to 


6 | 8 


: = 
the left and 2 units down. Ja] a= = : fe2(x+ 3)+2 


Section 1.3 Page 41 Question 12 


a) To transform the original design by a horizontal stretch about the y-axis by a factor of 
2, areflection in the x-axis, and a translation of 4 units up and 3 units to the left, use the 
mapping (x, y) > (2x-3,-y + 4). 

A(-4, 6) > A"(-11, -2) 

B(-2, -2) — B’(-7, 6) 

C(0, 0) > C’C3, 4) 

D(1, -1) — D’-1, 5) 

E@, 6) > E’(3, -2) 

b) The equation of the design resulting from the transformations is 


y= -f[ 5043] +4. 


Section 1.3 Page 41 Question 13 


a) The graphs are in two locations because the 
transformations Gil performed to obtain Graph 2 
do not match those in y = |2x — 6| + 2. Gil forgot 
to factor out the coefficient of the x-term, 2, 
from —6. The horizontal translation should have 
been 3 units to the right, not 6 units. 


b) Gil should have rewritten the function 
equation y = |2x — 6| + 2 as y=|2(x —3)| +2. 
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Section 1.3 Page 41 Question 14 


a) The first arch is modelled by the function y =—x* + 9, 
with a range of 0 <y <9. For the second arch that spans 
twice the distance and is translated 6 units to the left and 
3 units down, use the mapping (x, y) > (2x — 6, y— 3). 


b) For the second arch, a= 1, b : ,h=-6, andk=-3. 


iv = + al} + 6 4 


So, the equation of the second arch is y= f (+ (x+ 6) —3 


ory= -[Fo+) +6. 


Section 1.3 Page 41 Question 15 

a) For y =—/(-»), use the mapping (x, y) — (-x, —y). 
(a, 0) =" Caw 0) 

(0, b) = (0, —b) 


b) Fory= 2f t | , use the mapping (x, v) — (2x, 2y). 


(a, 0) — (2a, 0) 
(0, b) — (0, 2b) 


c) and d) There is not enough information to determine the locations of the new 
intercepts. When a transformation involves translations, the locations of the new 
intercepts will vary with different base functions. 


Section 1.3 Page 41 Question 16 


a) The area of the rectangle can be modelled by the 
function A = 2x(9 3) or A =—2x* + 18x. 


b) For a horizontal stretch by a factor of 4, the equation 
of the parabola becomes y = 9 — =". So, the area of the 


rectangle can be modeled by the function 


A= 2x page or A= sa wigs. 
16 8 


c) For (2, 5), the area of the rectangle in part a) is 2(2)(5), or 20 square units. 
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Verify the function in part a): 


A =-2x* + 18x 

A =-2(2)° + 18(2) 
A=-16 + 36 
A=20 


For a horizontal stretch by a factor of 4, the point (2, 5) becomes the point (8, 5). Then, 
the area of the rectangle in part b) is 2(8)(5), or 80 square units. 
Verify the function in part b): 


A= ties 

8 
A= -=(8)' +1868) 
A=-64 + 144 
A=80 


Section 1.3 Page 42 Question 17 


If the function is stretched vertically about the x-axis by a factor of 2, stretched 


horizontally about the y-axis by a factor of : , and translated 2 units to the right and 


4 units down, then a = 2, b=3,h=2,k =—4, and y = 2f(3(« — 2)) — 4. Given the function 
y = 2x? +x + 1, the equation of the transformed function is 

y = 2[2(3(x —2))’ + 3(x-—2) + 1] -4 

y = 2[18(« — 2) + 3(x—2) + 1]-4 

y = 36(x— 2) + 6(x-2) +2-4 

y = 36(x —2)° + 6(x —2) -2 

or y = 36x" — 138x + 130 


Section 1.3 Page 42 Question 18 

Example: Transformations in which the order does not matter include vertical stretches 
and horizontal stretches followed by reflections. 

For example: 


Graph of f(x) Graph of g(x) 
Horizontal stretch | Vertical stretch 
wo» | Ge) | Ge 
x,y A »V B? Ly 
Graph of f(x) Graph of g(x) 
Vertical stretch | Horizontal stretch 
x 
(x,y) (x,ay) Zw) 
The end result is the same. 
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Section 1.3 Page 42 Question C1 


Step 1 Graph 1: a reflection in the y-axis; y =x +3 
Graph 2: a reflection in the y-axis and in the x-axis: 
D tee oat 

Graph 3: a reflection in the x-axis; y = x — 3 


Step 2 Graph 1: a translation of 1 unit up; aie rex, 
y= xt] 

Graph 2: a translation of 1 unit down: y =x°— 1 
Graph 3: a reflection in the x-axis; y = —x* 

Graph 4: a reflection in the x-axis and a translation 
of 1 unit down; y =—-x* — 1 


Section 1.3 Page 42 Question C2 


They make 5 bracelets per week at a cost of f(b). 
a) Then, f(b + 12) represents the cost of making b + 12 bracelets. This relates to 
transformations as a horizontal translation. 


b) Then, f(b) + 12 represents the cost of making b bracelets plus 12 more dollars. This 
relates to transformations as a vertical translation. 


c) Then, 3f(b) represents triple the cost of making b bracelets. This relates to 
transformations as a vertical stretch. 


d) Then, (2b) represents the cost of making 0.55 bracelets. This relates to 
transformations as a horizontal stretch. 


Section 1.3 Page 42 Question C3 


Complete the square. 

y= 2x" — 12x +19 
y=2(x° — 6x) +19 
y=2(x°- 6x + 9-9) + 19 
y =2(x° — 6x + 9)— 18 +19 
y=2(x-3)P +1 
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This form of the equation shows that the function is a vertical stretch by a factor of 2 and 
then a translation of 3 units to the right and 1 unit up of the graph of y =x’. 


Section 1.3 Page 43 Question C4 


Musical notes can be repeated (translated horizontally), transposed (translated vertically), 
inverted (horizontal mirror), in retrograde (vertical mirror), or in retrograde inversion 
(180° rotation). 

a) H is repeated; J is transposed; K is repeated and 


transposed 6 rt fe 


b) H is in retrograde; J is inverted; K is in ' 
retrograde and inverted é = = ' 


c) His inverted, repeated, and transposed; J is 
in retrograde, inverted, and repeated; K is in retrograde 
and transposed 


Section 1.4 Inverse of a Relation 


Section 1.4 Page 51 Question 1 
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Section 1.4 Page 51 Question 2 


a) 


Section 1.4 Page 52 Question 3 


a) The graph is a function; it passes the vertical line test. 
The inverse will be a relation since the graph does not pass 
the horizontal line test. 


b) The graph is a function; it passes the vertical line test. 
The inverse will be a function since the graph passes the 
horizontal line test. 


c) The graph is not a function; it does not pass the vertical 
line test. The inverse will be a relation since the graph does 
not pass the horizontal line test. 
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Section 1.4 Page 52 Question 4 
Examples: 
a) A restricted domain for which the function has an inverse 


that is also a function is the left or right half of the parabola: 


{x |x<0,x € R} or {x|x>0,xe R}. 


b) A restricted domain for which the function has an inverse 
that is also a function is the left or right half of the parabola: 


{x |x<-2,x € R} or {x |x>-2,xe R}. 


c) A restricted domain for which the function has an inverse 
that is also a function is the left or right half of the parabola: 


{x |x<4,x € R} or {x|x>4,x © R}. 


d) A restricted domain for which the function has an inverse 
that is also a function is the left or right half of the parabola: 


{x |x<-4,x € R} or {x |x>-4,x € R}. 
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Section 1.4 


Question 5 


Let vy = f(x). To find the equation of the inverse, interchange x and y, and then solve for y. 


a) fix) = 7x 
y=7x 
x= Ty 
4 } 

piey= tx 

7 
d) f(x) = —-5 
x 
= 5 
a 
xa t5 
3 
xt5a2 
3 
y=3(~ +5) 


f'@)=3@+5) 
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: 1 
a) The inverse of y= 2x +5 is y= 5 (x — 5): choice E. 
b) The inverse of y = > 4 is y= 2(x + 4): choice C. 


c) The inverse of y = 6 —3x is y= 5 (x — 6): choice B. 


d) The inverse of y =x? — 12, x >O is y= Vx+12: choice A. 


b) fix) =-3x+4 
y=-3x+4 
x=-3y+4 

x-4=-3y 

1 
=——(x-4 
y 3 § ) 


fi@)=-F0-4) 


e) f(x) =5—-2x 
y=5-2x 
x=5-2y 

x-5=-2y 


y=-5-5) 


f'@)=-F@-5) 


Question 6 


_ x++4 


f) fix) = F(x +6) 
y= —(x+6) 


(y +6) 


e) The inverse of y = 5 +1),x<-lisy= 2x -1: choice D. 
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Section 1.4 Page 53 Question 7 


a) Function (blue): domain {—2, —1, 0, 1, 2}, 
range {-2, 1, 4, 7, 10} 

Inverse (red): domain {—2, 1, 4, 7, 10}, 

range {—2, —1, 0, 1, 2} 


b) a) Function (blue): 

domain {—6, -4, —1, 2, 5}, range {2, 4, 5, 3} 
Inverse (red): 

domain {2, 4, 5, 3}, 

range {—-6, 4, —1, 2, 5} 


Section 1.4 Page 53 Question 8 


a) The inverse is a function; it passes the vertical 


line test. 
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b) The inverse is not a function; it does not pass the 
vertical line test. 


c) The inverse is not a function; it does not pass the 
vertical line test. 


Section 1.4 Page 53 Question 9 


a) fix) =3x+2 
y=3xt+2 
x=3y+2 

x-2=3y 


y= 3(e-2) 


f'G)= 5-2) 


fix): domain {x |x € R}, range {y|y € R} 
f(x): domain {x |x € R}, range {y |y € R} 


b) fix) =4- 2x 
y=4-2x 
x=4-2y 

x-4=-2y 


y=-5 0-4) 


Py=-F@-4) 
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fix): domain {x |x € R}, range {y|y € R} 
f\(x): domain {x |x € R}, range {y |y € R} 


y=2(x+ 6) 


f°) = 2@ + 6) 


Aix): domain {x |x € R}, range {y|yv € R} 


f'\(x): domain {x |x € R}, range {y |y € R} 


d) fx)=x°+2,x<0 
y=x+2 
x=y +2 
2S 
ya yee 
f'@)= x2 
fix): domain {x |x <0,x € R}, range {y|y=>2,y € R} 
f(x): domain {x | x>2,x € R}, range {y|y<0,y € R} 


e) FORT" 220 


gala 

<=229 
3 

@= Vox 


Jix): domain . |x>0,x € R}, range {y|y<2,y € R} 
f(x): domain {x | x<2,x € R}, range {y| y>0,y € R} 
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Section 1.4 Page 53 Question 10 


a) i) Complete the square. 

fx) =2° + 8x4 12 

fx) = (x? + 8x + 16 — 16) + 12 

fix) = (e+ 4y°—4 

Determine the equation of the inverse of f(x). 


y=(@t4y-4 

x=(yt+4y-4 
x+4=(y+4) 

y= itvx+4-4 


b) i) Complete the square. 

fx) =3° — 4x +2 

fx) = (0? — 4x + 4-4) +2 

fiz) =(«-2)-2 

Determine the equation of the inverse of f(x). 
y=(x-2y-2 
x= G2) 2 

x+2=(y-2y 


y= tvxt2+2 


Section 1.4 Page 53 Question 11 


Since the graphs are reflections of each other in 
the line y = x, the functions are inverses of each 


other. 
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Section 1.4 Page 54 Question 12 


a) fix)=x° +3 Example: A restricted domain for which 
y= x +3 the function has an inverse that is also a 

function is right half of the parabola: 

{x |x>0,x € R}. 

fx) =2? +3, x >0 and f(x) = Vx-3 


\y 


Example: A restricted domain for which 
the function has an inverse that is also a 
function is right half of the parabola: 

{x |x>0,x € R}. 


fx) = se x>Oand f'(x) = J2x 
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c) fx) =-2x Example: A restricted domain for which 


ee a the function has an inverse that is also a 
xaaoy function is right half of the parabola: 
gay {x|x2>0,x € R}. 


Ax) = 2x", x > 0 and f'(x) = -3H 


d) fx) =(«+1P Example: A restricted domain for which 
y=(rt ly the function has an inverse that is also a 

function is right half of the parabola: 

{x |x>-l,x € R}. 


fe) = + 1, x >=] and f(x) = Vx -1 
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e) f(x) =Ax- 3) Example: A restricted domain for which 


j= a — 3) the function has an inverse that is also a 
2=—y—3) function is right half of the parabola: 
oa =y-3 it |x23.% € RK}, 


fx) =x - 3), x >3 and f(x) = J—x +3 


f) ()=@=1) =2 Example: A restricted domain for which 
y=Q@=—l) =2 the function has an inverse that is also a 
#=(—1) 2 function is right half of the parabola: 

tV¥x+2 =y-1 ix [x2 1, x € Rh. 
ya aleeosi fix) = (x- 1-2, x > 1 and 


f'@) = V¥x4+241 


Section 1.4 Page 54 Question 13 


a) Since the graphs are reflections of each other in the line 
y =x, the functions are inverses of each other. 
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b) Since the graphs are reflections of each other in the line 
y =x, the functions are inverses of each other. 


c) The graphs are not reflections of each other in the line y 
=x, so the functions are not inverses of each other. 


d) Since the graphs are reflections of each other in the line 
y =x, the functions are inverses of each other. 


e) The graphs are not reflections of each other in the 
line y = x, so the functions are not inverses of each 
other. 
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Section 1.4 Page 54 Question 14 


Examples: A restricted domain for which these functions have an inverse that is also a 
function is the left or right half of the parabola. 

a) For f(x) = x° + 4, the vertex is located at (0, 4). So, two ways to restrict the domain are 
{x|x<0,x € R} or {x|x>0,x € R}. 


b) For f(x) =2- x’, the vertex is located at (0, 2). So, two ways to restrict the domain are 
{x |x<0,x € R} or {x|x>0,x € R}. 


c) For f(x) = (x — 3)’, the vertex is located at (3, 0). So, two ways to restrict the domain 
are {x|x<3,x € R} or {x|x>3,x e€ R}. 


d) For f(x) = (x + Pa — 4, the vertex is located at (—2, -4). So, two ways to restrict the 
domain are {x | x <—2,x € R} or {x |x>-2,x € R}. 


Section 1.4 Page 54 Question 15 


fix) = 4x -2 
y=4x-2 
x=4y—2 

x+2=4y 


1 
= Ava 
y rie ) 


PG)= O42) 
a) Substitutex=4. b) Substitute c) Substitutex=8. d) Substitute x = 0. 


Peter f@=F6+2 f= F0+2) 
Dae, 4 4 
PG) = 20+2) ; 
P'@=764+2) f'®)=7E+2) f=0+2) 
a: fa=70+) 4 
ra=s Pee f'@)=2 ro=5 
Section 1.4 Page 54 Question 16 


a) Substitute x = 90 into y = (8 — 32). 


5 
== (00—32 
y 9 $ ) 
5 
= (58 
y 9 ) 
y = 32.22 


The equivalent temperature in degrees Celsius for 90 °F is approximately 32.22 °C. 
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b) For the inverse of the function, let x represent the temperature, in degrees Celsius, and 
y represent the temperature, in degrees Fahrenheit. 


5 
= (eo a2 
y g & ) 
5 
a= —(=32 
oY ) 
9 
—x=y-—32 
5 J 


9 
=X 32 
4 3) 
c) Substitute x = 32 into y = = age 


y= =(32) 4 32 


y= 89.6 
The equivalent temperature in degrees Fahrenheit for 32 °C is 89.6 °F. 


d) The invariant point represents when the temperature is 
the same in both scales (-40 °C = —40 °F). 


Section 1.4 Page 54 Question 17 

a) Substitute x = 45.47 into each function. 

For a male: y = 2.32x + 65.53 For a female: y = 2.47x + 54.13 
y = 2.32(45.47) + 65.53 y = 2.47(45.47) + 54.13 

y= 171.0204 y = 166.4409 


The height of a male and of a female with a femur length of 45.47 cm is 171.02 cm and 
166.44 cm, respectively. 


b) For the inverse functions, let y represent the length of the femur and let x represent the 
height of the person, both in centimetres. 


For a male: y = 2.32x + 65.53 For a female: y = 2.47x + 54.13 
g= 2529 765.05 x =2.47y + 54.13 
x — 65.53 =2.32y x —54.13 =2.47y 
_ &= 63,53 _ x—54.13 
2.32 y OAT 
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i) Substitute x = 187.9. 
_ 187.9-65.53 
2.32 
y= 52.745... 


The femur length of a male whose height is 
187.9 cm is 52.75 cm. 


Section 1.4 Page 54 Question 18 


a) Substitute x = 49.3. 
_ x-36.5 


255 
_ 49,3-36.5 


2.55 


yrs 


ii) Substitute x = 175.26. 
_ 175.26—54.13 
2.47 


y = 49.040... 
The femur length of a female whose height 
is 175.26 cm is 49.04 cm. 


The whole-number ring size that corresponds to a finger circumference of 49.3 mm is 5. 


b) For the inverse functions, let x represent the numerical ring size and let y represent 


finger circumference, in millimetres. 
x—36.5 
255 
 ¥=36.5 
25 
2.55x = y— 36.5 
P= 2.550" 305 


c) Substitute ring sizes into y = 2.55x + 36.5. 


Substitute x = 6. 
y = 2.55(6) + 36.5 
y=51.8 


y= 54.35 


Substitute x = 7. 
y = 2.55(7) + 36.5 


Substitute x = 9. 
y = 2.559) + 36.5 
y=59.45 


The finger circumferences that correspond to ring sizes of 6, 7, and 9 are 51.8 mm, 


54.35 mm, and 59.45 mm. 


Section 1.4 Page55 Question 19 


a) The function is increasing over the intervals 


—5<x<—2and3<x<6. 


The function is decreasing over the interval 


2<x<3. 
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Example: 
i) For3 <x <6 ii) For -2<x <3 
VR | | ; 


b) The function is increasing over the intervals 
—6 <x<Oand4<x<8. 

The function is decreasing over the intervals 
-10<x<-6and0<x<4. 


Example: 
i) For4<x<8 ii) For -10 <x <-6 


Section 1.4 Page55 Question 20 


The domain and range of f(x) become the range and domain, respectively, of f(x). 
a) If f(17) =5, then f1(5) = 17. 


b) If f'(v3) =~2, then f-2) = V3. 


c) Substitute x = 1 into f(x) = 2x? + 5x +3, x >—-1.25. 
fl) =2(1)° + 5(1) +3 

fl) = 10 

If (1) = 10, then f'(10) = 1 and a = 10. 


Section 1.4 Page55 Question 21 
Given the point (10, 8) is on the graph of y = f(x). Then, the point (8, 10) is on the graph 
of y=f'(x). 


a) The graph of y =/'(x + 2) is a translation of 2 units to the left of the graph of 
y=f''(x). The point (8, 10) on the graph of y = f'(x) becomes (6, 10). 
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b) The graph of y = 2f '(x) + 3 is a vertical stretch by a factor of 2 and a translation of 
3 units up of the graph of y = f'(x). The point (8, 10) on the graph of y = f'(x) becomes 
(8, 23). 


c) The graph of y=—f'(—x) + 1 is a reflection in the x-axis, a reflection in the y-axis, and 
a translation of 1 unit up of the graph of y = f'(x). The point (8, 10) on the graph of 
y=f'(x) becomes (-8, —9). 


Section 1.4 Page 55 Question C1 
a) The inverse sequence of operations for f(x) = 6x + 12 are subtract 12 and divide by 6. 


b) The inverse sequence of operations for f(x) = (x + 3)’ — 1 are add 1, take the positive 
and negative square root, and subtract 3. 


Section 1.4 Page55 Question C2 
a) f(x) =-x +3 
yrscr3 
x=-y+3 
xX-3=—-y 
7S" 3 
7 O33 


b) Example: The graph of the original linear function is perpendicular to y = x. So, after 
a reflection in the line y = x, the graph of the inverse is the same. 


c) Ifa function and its inverse are the same, their graphs are perpendicular to the line 
=x. 


Section 1.4 Page 55 Question C3 


Example: If the original function passes the vertical line test, then it is a function. If the 
original function passes the horizontal line test, then the inverse is a function. 


Section 1.4 Page 55 Question C4 
Step 1 
+5 
x |f&= _ x g(x) = 3x—5 
1 2 2 1 
3 3 
—8 —1 —1 —8 
at+5 at+5 
a a 
5 3 
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The output values of g(x) are the same as the input values for f(x). This occurs because 
the functions are inverses of each other. 

Example: Use the output values of one function as the input values for second function. If 
the output values for that second function are the same as the input values of the first 
function, then the two functions are inverses of each other. 


Step 2 
+5 
x | g(x)=3x-5 x | fe=- : 
1 —2 —2 1 
7 7 
8 —29 —29 8 
a 3a—5 3a—5 a 


If two functions are inverses, then the order in which you apply them does not change the 
final result. 


Step 3. Example: 


x | f(x)=x+2 x g(x) =x-2 x | g(x)=x-2 x f(x) =x +2 
1 3 3 1 1 —l —l 1 
4 6 6 4 4 2 2 4 
—8 —6 —6 —8 —8 —10 —10 —8 
a at+2 a2 a a a-—2 a-—2 a 


The hypothesis and conclusion from steps | and 2 hold. 

Step 4 The statement is saying that if you have a function that when given a outputs b 
and another that when given b outputs a, then the functions are inverses of each other. 
Chapter 1 Review 

Chapter 1 Review Page56 Question 1 


a) For the graph of y — 3 = f(x), translate the graph of y = f(x) 
up 3 units. 


b) For the graph of A(x) = f(x + 1), translate the graph of y = f(x) 
to the left 1 unit. 
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c) For the graph of y + 1 = f(x — 2), translate the graph of 
y =f(x) to the right 2 units and down 1 unit. 


Chapter 1 Review Page 56 Question 2 


To obtain the graph of the function shown, translate the 
graph of y = |x| to the left 4 units and down 5 units. 


The equation of the transformed function is 
yrs= +4. 


Chapter 1 Review Page 56 Question 3 


For y = fix — 2) + 4, h = 2 and k = 4, representing a translation of 2 units to the right and 
4 units up. If the range of the function y = f(x) is {y| 2 <y <5, y € R}, then the range of 
y=flx—2)+4 will be {y|2<y<9,y © R}. 


Chapter 1 Review Page 56 Question 4 


James is incorrect. If the point (a, b) is on the graph of y = f(x), then the point 
(a+ 5, b—4) is the image point on the graph of y + 4 = f(x — 5), not (a—5,b +4). 
He should have compared y + 4 = f(x — 5) to the form y— k = fix —h). 

y—(A4) = ffx — (+5)) 


Chapter 1 Review Page56 Question 5 


a) When the graph of y = f(x) is transformed to y = —((x) it is reflected in the x-axis. The 
key point (3, 5) becomes the image point (3, —5). 


b) When the graph of y = f(x) is transformed to vy = f(—x) it is reflected in the y-axis. The 
key point (3, 5) becomes the image point (—3, 5). 


Chapter 1 Review Page 56 Question 6 
a) y=f(-x): domain {x |x € R}, range {v|y>1,y € R} 
The invariant point is (0, 10). 


MRR °* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 1 Page 48 of 57 


b) y=—f(x): domain {x |—-1 <x <5,x € R}, 
range {y|O<y<3,yeR} 
The invariant points are (—1, 0) and (5, 0). 


Chapter 1 Review Page56 Question 7 


a) 


fas x 
Ox] = Fle) 


b) Ifthe coefficient of x is greater than 1, then the graph of the transformed function 
moves closer to the y-axis. If the coefficient of x is between 0 and 1, then the graph of the 
transformed function moves farther from the y-axis. 


Chapter 1 Review Page 56 Question 8 


a) Compare a key point on the graph of f(x) to the image 
point on the graph of g(x). 

Case |: Pattern in the y-coordinates 

Ax) gx) 

(2, 4) — (2, 2) 


1 
a 


Se : 1 
This indicates a vertical stretch about the x-axis by a factor of ci 


Case 2: Pattern in the x-coordinates 
Kx) g(x) 
(V2.2) + 2, 2) 


(x,y) > (V2x,9) 


This indicates a horizontal stretch about the y-axis by a factor of 2. 
The graph of g(x) could be a horizontal or a vertical stretch of the graph of f(x). 


b) Example: g(x) = > Kx) 
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Chapter 1 Review Page 57 Question 9 


a) The graph of y = f(x) is stretched b) The graph of y = f(x) is stretched 
horizontally about the y-axis by a factor of horizontally about the y-axis by a factor of 
2 and stretched vertically about the x-axis 


by a factor of 2. : and stretched vertically about the x-axis 


by a factor of : : 


Chapter 1 Review Page 57 Question 10 


Rewrite y = f(4x + 1) as y = f(4(x + 0.25)). 
Compare y = f(4(« + 1)) and y = f(4(@ + 0.25)). 


: ; ; 1 
Both transformations represent a horizontal stretch about the y-axis by a factor of ri 


Both have also been translated to the left, but by different amounts; the first is 1 unit left 
and the second is 0.25 units left. 


Chapter 1 Review Page 57 Question 11 


Locate key points on the graph of f(x) and their image points on the graph of g(x). 

(-2, 2) > (4, 0) 

(0, 0) — (5, -2) 

(2, 2) — (6, 0) 

The orientation is unchanged, the graph has not been reflected. 

The overall width has changed, so the graph has been horizontally stretched by a factor 
of 0.5. Since the point (0, 0) is not affected by stretches, the graph has been translated 
5 units to the right and 2 units down. 

So, a= 1,b=2,h=5, k =-2, and the equation of the transformed graph is 

B(x) = f(2% — 5)) — 2. 
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Chapter 1 Review Page 57 Question 12 


a) Fory= f+ 2)), a= 5b = 1,h=-2, 


and k = 0. This represents a reflection in the 
y-axis, a vertical stretch about the x-axis by a 


1 ; : 
factor of 3 and a translation of 2 units to the 


left of the graph of y = f{x). 


b) For y—2 =-((2( - 3)), a=-1, b =2, h =3, and 
k = 2. This represents a reflection in the x-axis, a 


horizontal stretch about the y-axis by a factor of : P 


and a translation of 3 units to the right and 2 units 
up of the graph of y = f(x). 


c) For y— 1=3f(2x + 4) ory—1=3f2( + 2)), a=3, b=2, 
h=-2, and k= 1. This represents a horizontal stretch about 


1 
the y-axis by a factor of 5° a vertical stretch about the x-axis 


by a factor of 3, and a translation of 2 units to the left and 
1 unit up of the graph of y = f(x). 
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Chapter 1 Review Page 57 Question 13 


b) To obtain the graph of x = f(y), reflect the graph of y = f(x) in the line y = x. The 
invariant point is on the line of reflection, (—0.5, —0.5). 


c) f(x): domain {x |x € R}, range {y|y € R} 
ly): domain {x |x € R}, range {y|y € R} 


Chapter 1 Review Page 57 Question 14 


Interchange the x- and y-coordinates. 
y=f(x) y= f(x) 
x y x | ¥ 


—3 7 7 -3 
2 4 = 2 
10 —12 |} -12 10 


Chapter 1 Review Page 57 Question 15 


a) Reflect the given graph in the line y = x. Both the relation 
and its inverse are functions, since the relation passes both the 
vertical line test and the horizontal line test. 


b) Reflect the given graph in the line y = x. The relation is a 
function but its inverse is not, since the relation passes the 
vertical line test but not the horizontal line test. 
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Chapter 1 Review Page 57 Question 16 


y=(e-3) +1 
x=(y-3) +1 
tJx-1 = y-3 
y= +Jx-14+3 
Example: A restricted domain for which the function has an inverse that is also a function 
is right half of the parabola. 
For y = (x — 3)’ + 1, the vertex is located at (3, 1). So, restrict the domain to 
{x|x>3,x € R}. 
y=(x-3y + 1,x>3 andy= ¥x—-143 


Chapter 1 Review Page 57 Question 17 


a) Since the graphs are not reflections of b) Since the graphs are reflections of each 
each other in the line y = x, the functions other in the line y = x, the functions are 
are not inverses of each other. 


Chapter 1 Practice Test 


Chapter 1 Practice Test Page 58 Question 1 


The equation y = (x +1) represents a translation of 1 unit to the left of the graph y = ce 
The graph is the same shape but translated to the left: choice D. 


Chapter 1 Practice Test Page 58 Question 2 
Since the point (0, 0) is not affected by stretches, the graph of y = |x| has been translated 


4 units to the left and 6 units down. 
So, h =—-4, k = -6, and the equation of the transformed graph is y + 6 = |x + 4|: choice D. 
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Chapter 1 Practice Test Page 58 Question 3 


The graph of y = f(x + 2) is a translation of 2 units to the left of the graph of y = f(x). The 
point (a, b) becomes (a — 2, b): choice B. 


Chapter 1 Practice Test Page 58 Question 4 


A reflection in the y-axis is represented by y = f(—x). So, the image of y =x’ + 2 is 
y= x’ +2: choice B. 


Chapter 1 Practice Test Page 58 Question 5 


The graph of y = - (3x) is a vertical stretch by a factor of - and a horizontal stretch by a 


factor of : : choice B. 


Chapter 1 Practice Test Page 58 Question 6 


The location of the y-intercept will not be affected by a horizontal stretch. The graph of 
ft-9x) will have the same y-intercept as the graph of f(x): choice C. 


Chapter 1 Practice Test Page 58 Question 7 


Locate key points on the graph of f(x) and their 
image points on the graph of g(x). 

(4, 1) > @, -1) 

(-2, 3) — (1, -3) 

(4, 3) — (2, -3) 

(6, 6) — (3, -6) 

The orientation is changed, the graph has been 
reflected in the x-axis. The overall width has 
changed, so the graph has been horizontally 


stretched by a factor of : . So, a=—l1, b =2, and 


the equation of the transformed graph is 
g(x) =—(2x): choice C. 


Chapter 1 Practice Test Page 59 Question 8 
For y = fix + 2) — 1, h=—2 and k =-1, representing a translation of 2 units to the left and 


1 unit down. If the domain of the function y = f(x) is {x |—-3 <x <4,x e€ R}, then the 
domain of y = f(x + 2)—1 willbe {x|-5<x<2,x © R}. 
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Chapter 1 Practice Test Page 59 Question 9 


The graph of y = f(x) is stretched horizontally about 
the y-axis by a factor of 2, stretched vertically by a 


1 . : 
factor of me reflected in the x-axis, and translated 


3 units to the left and 4 units up. 


Chapter 1 Practice Test Page 59 Question 10 


a) 


b) The image points of an inverse are determined by interchanging the x- and 
y-coordinates of the key points. 


c) Any invariant points lie on the line of reflection: (—1, —1). 


Chapter 1 Practice Test Page 59 Question 11 


y=5xt+2 
x= Sy 72 
x-2=5y 


y= <(e-2) 


> of 
f=<0=2) 


f'@)= 3-2) 


Since the graphs are reflections of each other in the line 
y =x, the functions are inverses of each other. 
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Chapter 1 Practice Test Page 59 Question 12 


For a horizontal stretch about the y-axis by a factor of 2, a horizontal reflection in the 
y-axis, a vertical stretch about the x-axis by a factor of 3, and a horizontal translation of 


2 units to the right, a =3, b= : ,4=2, and k= 0. The equation of the transformed 


function is y = af(-F00-2)}, 


Chapter 1 Practice Test Page 59 Question 13 


a) For g(x) = f(x + 2) — 7, h = —2 and k =—7. The graph of f(x) = |x| will be translated 
2 units to the left and 7 units down. 


b) The equation of the transformed function is f(x) = |x + 2|—7. 

c) The minimum value of g(x) occurs at the vertex of the V-shaped graph, (—2, —7). 

d) Invariant points are points that are not affected by a transformation. In this case, the 
points on the graph of f(x) are related to the corresponding points on the graph of g(x) by 
the mapping (x, y) — (x — 2, y—7). So, while the domains are the same, each point is 
affected by the transformation, so there are no invariant points. 

Chapter 1 Practice Test Page 59 Question 14 


a) The equation of the base function is f(x) = x’. 


b) For g(x) = af(x), determine the pattern in the 


; 1 
y-coordinates of corresponding points: a = re So, the 


equation of the transformed function is g(x) = - Kx), 


oes : . 1 
which is a vertical stretch about the x-axis by a factor of re 


c) For g(x) = (bx), determine the pattern in the x-coordinates of corresponding points: 


be 1 —— 
b= 2. So, the equation of the transformed function is g(x) = f c s| , which is a 


horizontal stretch about the y-axis by a factor of 2. 
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1 1 
d) g(x) = — Ax) g(x) = f| 5x 
4 2 
2 
1 > 1 
x)= =x x)= | =x 
BS g(x) (3 ) 
13 
x)= —x 
Be) =F 
The two forms are equivalent. 
Chapter 1 Practice Test Page 59 Question 15 


a) If the graph of h(x) passes the horizontal line test, then the inverse of h(x) will be a 
function. A horizontal line would pass through the quadratic function h(x) twice, so its 
inverse is not a function. 


b) h(x) =- + 3) —5 
y=(x+3)P—5 
x=-(y+3)y-5 

+J-x-5 =y+3 
SASS 3 


c) Example: A restricted domain for which the function has an inverse that is also a 
function is right half of the parabola. 

For h(x) = {x + 3)” — 5, the vertex is located at (—3, —5). So, restrict the domain to 
{x|x>-3,x € R}. 
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Chapter 2 Radical Functions 


Section 2.1 Radical Functions and Transformations 


Section 2.1 Page 72 Question 1 
a) 
x | y=Vx-1 domain {x|x>1,x € R} 
1 0 range {y| y20,y € R} 
2 1 
2) 2 
10 3 
b) 
xX y=. /x+6 domain 
af 0 {x |x>-6,x € R} 
28 1 range 
=) 2 fyly20,y € R} 
3 > 
c) 
X y= 3-xXx domain 
3 0 {x|x<3,x € R} 
5) 1 range 
“I 2 fy|y20,y € R} 
—6 3 
d) 
x | y= J-2x-5 domain 
3 0 {xlxs-.xeR} 
1 2 
—l 2 range 
Section 2.1 Page 72 Question 2 


a) Fory= 7Vx-9,a=7,b=1,h=9, and k= 0. The graph of y = Vx is vertically 
stretched by a factor of 7 and translated 9 units to the right. 
domain {x|x>9,x € R}, range {fy|y>0,yeR} 
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b) Fory= V-x+8,a=1,b 1,h=0, and k = 8. The graph of y = Vx is reflected in 
the y-axis and translated 8 units up. 
domain {x |x <0,x € R}, range {y| y= 8, y € R} 


c) For y= —V0.2x ,a=-1, b= 0.2, h=0, and k= 0. The graph of y = Vx is reflected in 
the x-axis and stretched horizontally by a factor of 5. 
domain {x|x=>0,x € R}, range {y|y<0,y € R} 


d) For4+y= zVer6 , a 7 b=1,h=-6, and k = —4. The graph of y = Vx is 
vertically stretched by a factor of : and translated 6 units to the left and 4 units down. 
domain {x |x =>—6,x € R}, range {y|y>4,y € R} 

Section 2.1 Page 72 Question 3 


a) Fory= Vx -2,a=1,b=1,h=0, and k=-2. The graph of y= Vx is translated 
2 units down: graph B. 


b) For y= V-x+2,a=1,b=-—1,h=0, and k= 2. The graph of y = Vx is reflected in 
the y-axis and translated 2 units up: graph A. 


c) For y= -Vx+2,a=-1,b=1,h=-2, and k=0. The graph of y = Vx is reflected in 
the x-axis and translated 2 units to the left: graph D. 


d) For y= —/-(x-2) ,a=—l, b=-1, h=2, and k= 0. The graph of y = Vx is reflected 
in the x-axis and in the y-axis and translated 2 units to the right: graph C. 


Section 2.1 Page 73 Question 4 

a) For a vertical stretch by a factor of 4 and a horizontal translation of 6 units left, a = 4, 
h =—6, and the equation of the transformed function is y= 4Vx+6. 

b) For a horizontal stretch by a factor of : and a vertical translation of 5 units down, 


b= 8, k =—5S, and the equation of the transformed function is y = Bx SS: 


c) For a horizontal reflection in the y-axis, a horizontal translation of 4 units right, 
and a vertical translation of 11 units up, b=—1, h=4, k= 11, and the equation of the 


transformed function is y= ,/-(x—4) +11. 
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d) For a vertical stretch by a factor of 0.25, a vertical reflection in the x-axis, and a 


horizontal stretch by a factor of 10, a =—0.25, b= 7 and the equation of the 


transformed function is y= —0.25 x : 


Section 2.1 Page 73 Question 5 


a) b) 


domain {x | x <0, x € R}, 
range {y|y=>-3,y € R} 


domain {x |x >—1,x € R}, 
range {y|y20,y € R} 


domain {x|x>2,x € R}, 
range {y|y<0,y € R} 


domain {x |x <2, x € R}, 
range {ty|y<l,y € R} 


f) [TT] ee \V 


|__| 
T 
T 


e) 


| 
| +4 
+1 


PEstarars3i 


domain {x | x <-2,x € R}, 
range {y|y=>-l,y e R} 


domain {x|x>0,x € R}, 
range {y|y>4,y € R} 
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Section 2.1 Page 73 Question 6 


a) For f(x) = ov5x ,a= ; and b= 5. The graph of y = Vx is vertically stretched by a 


1 
factor of ; and horizontally stretched by a factor of = 


b) Two functions equivalent to f(x): y = BK and y = jx : 


c) The function y = . Vx represents a vertical stretch by a factor of = and the 


1 
function y = =x represents a horizontal stretch by a factor of <. 


d) The graphs are the same. 


Section 2.1 Page 73 Question 7 


a) The radius, r, of a circle as a function of area, A: 
A=mar’ 


A_, 
15 
A 
r=,{— 
1 
b) 
A r 
o | o 
1 0.6 
2 08 
3 1.0 
4 1.1 
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Section 2.1 Page 73 Question 8 


a) For d= ¥1.50h , b= 1.50. The graph of d= Vh is horizontally stretched by a factor 
1 2 

of —— or —. 
150 3 


b) An approximate equivalent function of the form d= avh is d= 1.22Vh. 
Example: I prefer the original function because the values are exact. 


c) Substitute h = 20 into d= ¥1.50h. 
d= ,/1.50(20) 


d= 5.477... 
The lifeguard can see approximately 5.5 miles. 


Section 2.1 Page 73 Question 9 


a) The function y = ~/3x +4 has domain {x|x>0,x € R} and range 
fylys4y eR}. 

After it is translated 9 units up and reflected in the x-axis, the domain remains as 
{x|x>0,x € R} but the range becomes {y | y>-13,y € R}. 


b) Compared to the base function y = Vx , the transformed function has not been 
translated horizontally but has been translated vertically 13 units down. 


Section 2.1 Page 74 Question 10 


a) Compare key points on the graph of y = Vx and their image points on the given 
graph. 

(0, 0) — (-3, 4) 

(1, 1) — @, 3) 

(4, 2) — (1, 2) 

(9, 3) — (6, 1) 

The overall width and height have not changed, so the graph has not been vertically or 
horizontally stretched. From the general shape, the graph has been reflected in the x-axis. 
From the endpoint, the graph has been translated 3 units to the left and 4 units up. So, 


a=-1,b=1,h=-3, k=4, and the equation of the transformed graph is y= —Vx+3+4. 


b) Compare key points on the graph of y = Vx and their image points on the given 


graph. 
(0, 0) > (-5, -3) 
(1, 1) > (1, -2) 


(4, 2) > (11, -1) 
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The overall width has changed: the graph has been horizontally stretched by a factor of 4. 
From the general shape, the graph has not been reflected. From the endpoint, the graph 


has been translated 5 units to the left and 3 units down. So, a= 1, b : ,h=—5, k=-3, 


and the equation of the transformed graph is y = Fo +5) —3 or alternatively 


y= SKS —3. 


c) Compare key points on the graph of y = Vx and their image points on the given 
graph. 

(0, 0) — (5, -1) 

(1,1) (4, 1) 

(4, 2) — (1, 3) 

(3, 9) — (4, 5) 

The overall height has changed: the graph has been vertically stretched by a factor of 2. 
From the general shape, the graph has been reflected in the y-axis. From the endpoint, the 
graph has been translated 5 units to the right and | unit down. So, a = 2, b 1,h=5, 


=—1, and the equation of the transformed graph is y= 2,/-(x—5) —1 or alternatively 
y= J-4(x-5)-1. 


d) Compare key points on the graph of y = Vx and their image points on the given 
graph. 

(0, 0) — (4, 5) 

(1,1) @, 1) 

(4, 2) — (0, -3) 

(3, 9) — (-5, -7) 

The overall height has changed: the graph has been vertically stretched by a factor of 4. 
From the general shape, the graph has been reflected in both the x-axis and the y-axis. 
From the endpoint, the graph has been translated 4 units to the right and 5 units up. So, 
a=—-4,b=-1,h=4, k=S, and the equation of the transformed graph is 


y= —4,/-(x-4) +5 or alternatively y = 16(x—5)-1. 


Section 2.1 Page 74 Question 11 


Compare each given domain and range to the those of the base function y = Vx: 
domain {x |x=0,x € R}, range {y| y>0,y € R}. 

Examples: 

a) For domain {x | x > 6, x € R}, the function has been translated 6 units to the right: 
h= 6. For range {y| y= 1, y € R}, the function has been translated 1 unit up: k = 1. 


Then, the equation of the radical function is y= Vx—6+1. 
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b) For domain {x | x >—7, x € R}, the function has been translated 7 units to the left: 
h=~-7. For range {y | y<—9, y € R}, the function has been translated 9 units down and 
reflected in the x-axis: k =—9 and a = —1. Then, the equation of the radical function is 


y= —Vx+7-9. 


c) For domain {x |x <4,x € R}, the function has been translated 4 units to the right and 
reflected in the y-axis: h = 4 and b =-1. For range {y| y>-3, y € R}, the function has 
been translated 3 units down: k =—3. Then, the equation of the radical function is 


y= J-(x-4) -3. 


d) For domain {x | x <-—5, x € R}, the function has been translated 5 units to the left and 
reflected in the y-axis: h=—5 and b =—1. For range {y| y< 8, y € R}, the function has 
been translated 8 units up and reflected in the x-axis: k = 8 and a =—1. Then, the equation 


of the radical function is y= —,/-(x+5) +8. 
Section 2.1 Page 74 Question 12 


a) For Y(n) = 760V/n + 2000, a = 760, b= 1, h=0, and k = 2000. The graph will be 
vertically stretched by a factor of 760 and translated 2000 units up. 


b) 


c) domain {n|n=0,n € R}, range {Y| Y> 2000, Y € R} 


d) Example: The minimum yield is 2000 kg/hectare. The domain and range imply that 
the more nitrogen added, the greater the yield without end. This is not realistic. 


Section 2.1 Page 75 Question 13 


a) For P(d) = —2V-—d +20, the domain is {d|—100 <d<0,d © R} and the range is 
{P|0<P<20,n © R}. The domain is negative indicating days remaining before the 
phone’s release, and the maximum value of P, the number of pre-orders, is 20 million. 


b) For P(d) = —2-d +20, a=-2,b 1, h=0, and k = 20. The graph will be 
vertically stretched by a factor of 2, reflected in the d-axis, reflected in the P-axis, and 
translated 20 units up. 
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c) 

Since d represents the number of days remaining before release, 
d is negative. The function has a maximum of 20 million 
pre-orders. 


| Pid) = Laie 4 20 


d) Substitute d =—30. 


P(d) = —2,/-(—30) +20 
P(d) = 9.045... 
The manufacturer can expect to have approximately 9.05 million pre-orders. 


Section 2.1. Page 75 Question 14 
a) The graph shows that the polling error decreases as the election approaches. 


b) Since the graph starts on the origin, there are no translations: h = 0 an k = 0. Since the 
graph is reflected in the y-axis, b = —1. So, the equation is of the form y= aV—x. Use the 
coordinates of a point, say (—150, 6) to determine the value of a. 


6 =a,/—(-150) 


6 
q=——— 
V150 
a~ 0.49 


c) The function has been stretched vertically by a factor of approximately 0.49 and 
reflected in the y-axis. 


Section 2.1. Page 75 Question 15 


Since the graph is reflected in the y-axis, b = —1. So, the equation is of the form 
y= avV-x. Use the coordinates of a point, say (5.4, 4.8) to determine the value of a. 
4.8 =a,/—(-5.4) 

4.8 


V5.4 


a~ 2.07 
An equation to represent the shape of the greenhouse roof is y= 2.07V—-x . 
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Section 2.1. Page 75 Question 16 


Examples: 

a) Since the endpoint is (2, 5), h=2 andk=S5. 

Try an equation of the form y = av¥x—2 +5. Use the coordinates of the point (6, 1) to 
determine the value of a. 


l=avy6—245 
—4=2a 
a=-2 
The equation of the function is y = i es: 


b) Since the endpoint is (3, —2), h = 3 and k =-2. 
Try an equation of the form y = ax—3-—2. Use the coordinates of the point (—6, 0) to 
determine the value of a. 


0=avV-6-3-2 
2=aV-9 


This is not possible as you cannot have a negative radicand. 
Try an equation of the form y = ,/b(x—3) —2. Use the coordinates of the point (—6, 0) to 
determine the value of b. 


0 = ./b(-6 —3) -2 
2=~-9b 
4=-—9b 
poe 

9 

; ae 4 2 

The equation of the function is y = 9 (x-3)-2 or y= a (3-—x)-2. 
Section 2.1 Page 76 Question 17 


a) China, India, and USA might feel that the “one nation, one vote” system is unfair. The 
larger the country, the more unfair the this system becomes. Tuvalu, Nauru, Vatican City 
might feel that the “one person, one vote” system is unfair. The smaller the nation, the 
more unfair this system becomes. 

Nation Percentage 


b) For each country, calculate China 18.6% 
Population India 17.1% 
7 —x100% . = a 
World Population : 
Canada 0.48% 
Tuvalu 0.000 151% 
Nauru 0.000 137% 


Vatican City; 0.000 014% 
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c) The Penrose system can be represented by the function V(x) = vx ‘ 


1000 

d) For each country, calculate Nation | Percentage 
VO) 100%. ae 

India 4.62% 

US 2.36% 

Canada 0.77% 

Tuvalu 0.014% 

Nauru 0.013% 


Vatican Gty 0.004% 


e) Example: The Penrose system gives larger nations votes based on population but also 
provides an opportunity for smaller nations to provide influence. 


Section 2.1 Page 76 Question 18 
Answers may vary. 


Step 2 and Step 3 In general, the periods of the pendulums should decrease as the length 
of the string decreases. 


Step 4 In general, the graph should resemble the graph of y = ay x . 


Step 5 The graph should be a vertical stretch by a factor of approximately 0.2 of the 
graph of y = Vx. A function that approximates the graph is T = 0.2VL. 


Section 2.1 Page 77 Question 19 


a) The domain and range of a function 
become the range and domain, 
respectively, of the inverse of the 
function. The positive domain of the 
inverse is the same as the range of the 
original function. 


F-H04 =pe] xe 0 


b) i) g(x) = -vx-5, x25 
V==Vx—5 
x= -/y—5 
ayo 
y=xt+5 
g (x)=x°+5,x<0 


ii) h(x) = J—x +3,x<0 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 2 Page 10 of 49 


y= V-x+3 
x= J-y +3 
x-3=J-y 
(x-3)'=-y 


y=-(x- 3) 
h'(x) =-(x — 3)", x>3 


iii) j(x) = V2x-7 -6,x> 
y= V2x-7-6 
x= Jj2y-—7-6 

x+6=./2y-7 

(x + 6) =2y—7 
PSO Pe 

2 2 
Pej ss Bees aS 
2 2 


Section 2.1 Page 77 Question 20 


For f(x) = i ax , the key points on the graph of y = Vx are changed by the mapping 


12. 5 
X,Y) >| - x,y}. 
(x, y) 7 =y) 


For g(x) = ~= (x +3) —4, the key points on the graph of y = Vx are changed by the 


mapping (x, y) > [ees -2y-4). 

To transform the graph of f(x) to create the graph of g(x), determine the mapping needed 
aes) 1 2 

to transform points — —y | to | —x-3, nes —4}. 


g 6 
aaa Ns, 16/5), 
72\ 7 75\8 
1 2 

ates er 
6 5 


izontal stretch factor of ; 
Opie HOHzontaliste ice byataclore Apply a vertical stretch by a factor of x : 


y Penk : 
—, areflection in the y-axis, anda a : ; 
a reflection in the x-axis, and a translation 


translation of 3 units to the left. of 4 units down. 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 2 Page 11 of 49 


Section 2.1 Page 77 Question C1 


For a radical function y = a,/b(x—h) +k , the parameters b and h affect the domain. The 
radicand must be greater than or equal to zero. 


Case 1: b>0 Case 2: b<0 
b(x — h) = 0 b(x — h) = 0 
x-h>=0 x-h<0 
x>h x<h 


For example, y = Vx has domain x > 0 but y= 2(x—3) has domain x > 3 and 
y= J-2(x—-3) has domain x < 3. 


For a radical function y = a,/b(x—h) +k , the parameters a and k affect the range. The 


graph of a radical function starts with an endpoint whose value of x makes b(x — h) = 0. 
So, the range restriction value is determined by the value of k and the direction of the 
inequality symbol is determined by the value of a. 


For example, y = Vx has range y>0 but y= 2Vx—4 has range y>—4 and y= ~2/x-4 
has range y <4. 


Section 2.1 Page 77 Question C2 


Yes, any given radical function can be simplified so that there is no value of b, only a 
value of a. 


y= avbx 

y= (avo) 

For example, y = 2V9x can be simplified to y = 6Vx. 
Section 2.1 Page 77 Question C3 


The processes are similar because the parameters a, b, h, and k have the same effect on 
radical functions and quadratic functions. The processes are different because the base 
functions are different: one is the shape of a parabola and the other is the shape of half 
of a parabola. 


Section 2.1 Page 77 Question C4 


Steps 1-4 
lcm 


loam 
Triangle Number, n_ | Length of Hypotenuse, L 


1cm First V2 = 1.414. 
Second V3 = 1.732. 
lcm Third V4=2 
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Step 5 The function that represents the hypotenuse length as it relates to its triangle 
number is L = /n+1. This represents the translation of 1 unit to the left of the base 
square root function. 


Section 2.2 Square Root of a Function 


Section 2.2 Page 86 Question 1 
f(x) Vieo 
36 6 
0.09 03 
1 1 
-—9 undefined 
2.56 16 
0 0 
Section 2.2. Page 86 Question 2 


a) For (4, 12), the corresponding point on the graph of y = ,/ f(x) is (4,12) or 
approximately (4, 3.46). 


b) For (—2, 0.4), the corresponding point on the graph of y= ,/ f(x) is (-2, V0.4) or 
approximately (—2, 0.63). 


c) For (10, —2), there is no corresponding point on the graph of y = ,/ f(x) because /—2 
does not exist. 


d) For (0.09, 1), the corresponding point on the graph of y= ./ f(x) 1s (0.09, v1) or 
(0.09, 1). 


e) For (—S, 0), the corresponding point on the graph of y= ,/ f(x) is (-5, Jo or (—5, 0). 
f) For (m, n), the corresponding point on the graph of y= / f(x) is (m,Vn) forn => 0. 


Section 2.2. Page 86 Question 3 


a) Since the graph of y = f(x) is on or above the x-axis for x < —2 or x > 2, the graph of 
y= 4 f(x) exists only for these values: graph C. 
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b) Since the graph of y = f(x) is on or above the x-axis for —2 <x <2, the graph of 
y= 4 f(x) exists only for these values: graph D. 


c) Since the graph of y = f(x) is above the x-axis for all values of x, the graph of 
y= f(x) exists only for these values: graph A. 


d) Since the graph of y = f(x) is on or above the x-axis for -4 < x < 4, the graph of 
y= f(x) exists only for these values: graph B. 


Section 2.2. Page 87 Question 4 


b) The graph of y= /4-—x exists for values where the graph of y = 4 — x is on or above 
the x-axis, x < 4. The graph of y= V4—x is above the graph of y = 4—x for 3 <x <4, 
and the graph of y= /4—x is below the graph of y = 4 — x for x > 3. 


c) For y= 4~—x, the domain is {x | x € R} and the range is {y| y € R}. 

For y= V4—x, the domain is {x |x <4, x © R} and the range is {y| y>0,y € R}. 
The domains differ because y = J4—x is undefined for x > 4. 

The ranges differ because y = V4—x is undefined for yg, 


Section 2.2. Page 87 Question 5 


a) For y=x—2, the domain is {x| x € R} and the range is 
tyly € R}. 

For y= Vx—2, the domain is {x |x>2,x € R} and the range 
is {y|y20,y € R}. 

The domains differ because y = Vx—2 is undefined for x <2. 
The ranges differ because y = VJx—2 is undefined for y<0. 
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b) For y = 2x + 6, the domain is {x| x € R} and the range is 
tyly € R}. 

For y= ¥2x+6, the domain is {x | x >-—3, x € R} and the 
range is {y| y=0,y € R}. 

The domains differ because y= J2x+6 is undefined for 

x <-3. The ranges differ because y= ¥2x+6 is undefined 
for y < 0. 


c) For y=-x+ 9, the domain is {x | x € R} and the range 
is {y|y € R}. 

For y= V¥—-x+9, the domain is {x | x <9, x € R} and the 

range is {y|y=0,y € R}. 

The domains differ because y= /—x+9 is undefined for 

x > 9. The ranges differ because y= J/—x+9 is undefined 
for y <0. 


d) For y =—0.1x—5, the domain is {x | x € R} 
and the range is {y| y € R}. 

For y= V-0.1x—5 , the domain is 

{x | xX <50, x € R} and the range is _120. 
ty|y20,y € R}. Y= AOA E 5 
The domains differ because y = J—0.1x—5 is 

undefined for x > 50. The ranges differ because 


y= V-0.1x—5 is undefined for y < 0. 


Section 2.2. Page 87 Question 6 


a) Fory= x’ — 9, the domain is {x |x € R} and the range is {y| y>-9, y € R}. 

For y= Vx2-9 , the domain is {x | x <—3 and x >3, x € R} and the range is 
fy|y>0,y eR}. 

The domains differ because y = Vx2-9 is undefined for —3 < x <3. The ranges differ 
because y = Vx? -9 is undefined for y < 0. 


b) For y=2—x’, the domain is {x | x € R} and the range is {y| y<2, y € R}. 

For y= (oe , the domain is {x | WI SRS 4/0 Xe R} and the range is 

{y | O<y=A2.7 ER} 

The domains differ because y = V2-x? is undefined for x< —J2 andx> V2. 

The ranges differ because y = (aux is undefined for y < 0 and has a maximum value 


of J2. 
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c) For y=x° + 6, the domain is {x | x € R} and the range is fy | y>6,y € R}. 


For y= Vx’ +6, the domain is {x |x € R} and the range is fy | y> V6, e R}. 
The domains are the same because the entire graph of y = x” + 6 is above the x-axis. 


The ranges differ because y= Vx +6 has a minimum value of V6. 


d) For y = 0.5x’ + 3, the domain is {x | x € R} and the range is fy| y>3,y € R}. 


For y= V0.5x° +3, the domain is {x | x € R} and the range is {y | y> V3,y eR}. 
The domains are the same because the entire graph of y = 0.5x° + 3 is above the x-axis. 


The ranges differ because y = V0.5x’ +3 has a minimum value of V3. 
Section 2.2. Page 87 Question 7 


a) For y =x* — 25, the domain is {x | x € R} and the range is {y | y>-25, y € R}. 
For y= Vx’ —25, the domain is {x | x <—5 and x>5, x € R} and the range is 
{y|y=0,y € R}. 

The domains differ because y = Vx’ — 25 is undefined for —5 < x <5. The ranges differ 
because y = Vx2-9 is undefined for y < 0. 


b) For y=x’ + 3, the domain is {x | x € R} and the range is {y| y>3,y € R}. 
vy. 


For y= Vx’ +3, the domain is {x | x © R} and the range is {y | y> V3,y eR}. 
The domains are the same because the entire graph of y = x° + 3 is above the x-axis. 


The ranges differ because y= Vx° +3 has a minimum value of V3. 


c) For y = 32 — 2x’, the domain is {x | x € R} and the range is {y | y<32,y € R}. 
For y= V¥32—2x’ , the domain is {x |-4<x <4, x € R} and the range is 

{y|0<y< V32,ye R}. 

The domains differ because y = V2=x? is undefined for x< —J2 andx> V2. 

The ranges differ because y = Hea is undefined for y < 0 and has a maximum value 


of /2. 


d) For y = 5x’ + 50, the domain is {x | x € R} and the range is {y| y > 50, y € R}. 


For y= V5x° +50, the domain is {x | x € R} and the range is {y | y> V50,y eR}. 
The domains are the same because the entire graph of y = 5x° + 50 is above the x-axis. 


The ranges differ because y = V5x’ +50 has a minimum value of 50. 
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Section 2.2. Page 87 Question 8 


Section 2.2 Page 87 Question 9 


V1 nst+4 


For f(x) = x° + 4, the domain is {x| x € R}_ For g(x) =x° — 4, the domain is {x | x € R} 
and the range is {y| y>4, ye R}. and the range is {y| y>—4,y € R}. 

iii) iv) 

V1= -H=+4 


For h(x) =—x* + 4, the domain is For j(x) = —-x° — 4, the domain is 
{x |x © R} and the range is {x |x € R} and the range is 
fylys4,y € R}. Wiys—ye Ry 


c) The graph of y= /j(x) does not exist. This is because the entire graph of y = j(x) lies 


below the x-axis. For j(x) =—x’ — 4, there are no values of x for which /—x? —4 is 
defined. 
x -4>0 
-x’>4 
x<-4 
This is never true. 
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d) The domains of the square root of a function are the same as the domains of the 
function when the value of the function is greater than or equal to zero. The domains of 
the square root of a function do not exist when the value of the function is less than zero. 
The ranges of the square root of a function are the square root of the range of the original 
function, except when the value of the function is less than zero then the range is 
undefined. 


Section 2.2. Page 87 Question 10 


a) For y =x’ —4, the domain is {x | x € R} and the range is {y | y>—4, y € R}. 
For y= Vx’ —4, the domain is {x | x <—2 and x>2, x € R} and the range is 
tyly20,y € R}. 


b) The function y= x’ —4 is undefined for —2 < x < 2 because y = x’ — 4 is less than 
zero. So, the domain does not contain this interval. 


Section 2.2. Page 87 Question 11 


a) I sketched the graph by locating key points, including invariant points, and 
determining the image points on the graph of the square root of the function. 


b) For y = f(x), the domain is {x | x € R} and the range is {y| y>—l, y € R}. 
Determine the equation of the parabola: y = : G1) =1ory= se =a : : 

Use the quadratic formula or graphing technology to determine the zeros: x = 1 + vee 
For y= ,/ f(x) , the domain is {x | x <1- V2 andx>1+J2,xe R} and the range is 
{y|y20,y € R}. 

The domains differ because y = ,/ f(x) is undefined for 1 — V2 <x<1+ V2.The 


ranges differ because y = ./ f(x) is undefined for y < 0. 


Section 2.2. Page 88 Question 12 


a) d°=(h+ 6378) — 6378° 
@ =h? + 12 756h + 63787 — 63787 
@ =h? +12 756h 
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d= fh? +12 756h 
The equation for the distance, in kilometres, to the horizon is d = ,/h* +12 756h. 


b) The domain is {h| h>0,h € R} and the range is {d|d>0, de R}. 


c) You can use a graph to find the distance to the horizon for a satellite that is 800 km 
above Earth’s surface by finding the d-coordinate of the point where the h-coordinate is 
800. In this case, d is approximately 3293. The distance to the horizon for this satellite is 
approximately 3293 km. 


d) If this function is not in context then the domain is {h| h<—12 756 orh=0,h € R} 
and the range remains as {d|d>0,d eR}. 


Section 2.2. Page 88 Question 13 


a) No, I do not agree with Chris. The function y = ,/ f(x) is undefined for f(x) < 0, 
where f(x) represents the range of y = f(x), not the domain. 


b) To determine whether a graph shows the function or the square root of the function, 
check for points below the x-axis. If there are such points, the graph is of the function. 
If there are not, then it could be a graph of the square root of the function. 


Section 2.2. Page 88 Question 14 


a) The radius of the iglu is 1.8 m. Any point on the 
iglu will be at the end of the hypotenuse of a right 
triangle, in which r° = h’ + v’. So, v= 1.8°—h’. 

A function that gives the vertical height in terms of 
the horizontal distance from the centre is 


v= V3.24-h’. 


b) The domain is {h| 0<h<1.8,h € R} and the range is {v|O<v<1.8,v € R}. Both 
variables represent distances and must be non-negative. 


c) 1 min from the bottom edge of the wall: h = 0.8 


v= 324-08" 
v= V2.6 


v= 1,612... 
The height of the iglu at a point 1 m from the bottom edge is approximately 1.61 m. 
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Section 2.2. Page 88 Question 15 


Step 1 Example: 
y 


Step 2 The value of a determines the minimum value and the 
maximum value of the domain: {x |-a<x<a,x € R}. It also determines the maximum 
value of the range: {y|0<y<a,ye R}. 


Step 3 Example: Choose a = 3. The equation for the function reflected in the x-axis is 


The graph forms a circle. 


Step 4 Example: The value of a has no effect on the domain: {x | x € R}. It does 


determine the minimum value of the range: {y|y2a,y € R}. 
| y a 


Choose a = 3. The equation for the function reflected in the x-axis is 


y= v3? +x’. 
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4 2 
| 
y = a co oe 
IN 
Pe] 
Section 2.2. Page 89 Question 16 


a) For y=4f(x+ 3),a=4,b=1, h=-3, and k=0. For y= ./4f(x+3) , use the mapping 
(x,y) > (x-3,/4 y). So, the point (-24, 12) becomes (-27, V48 ) or (-27, 43). 


b) For y = f(4x), a= 1, b=4, h=0, and k= 0. For y= —./ f (4x) +12, use the mapping 
1 
(x, y) > [Fs —Jy+ 12) _ So, the point (-24, 12) becomes (6, —V12 +12) or 


97! 12): 


c) For y= f(-(x -2)) —4,a=1, b=-—1, h=2, and k =-4. For 
y= -2,/ f (-(x-2))—4 +6, use the mapping (x, y) > (-x +2, ~2,/y + 6) . So, the point 
(-24, 12) becomes (26, -2V12 +6) or (26, -4V3 +6). 


Section 2.2. Page 89 Question 17 


a) For y= 2,/ f(x) —3, use the mapping b) For y = —./2 f (x—3) , use the mapping 
(x,y) > (x2Jy-3). (x,y) > (x+3,-y2y). 
y y 
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c) For y= j—f(2x)+3, use the mapping d) Fory= ./2f(—x)-—3, use the mapping 
(un (Fxvr3), (9) > (-%V2y-3). 


Section 2.2. Page 89 Question 18 


Example: First sketch the graph of y = 2f(x — 3). Next, sketch the graph of 
y= 2 f(x—3) . Finally, reflect in the x-axis to get the graph of y = —./2 f(x—3). 


Section 2.2. Page 89 Question 19 


a) A formula for radius as a function of the surface area, SA, of a cylinder with equal 
diameter and height, h = 2r, is 

SA = 2ar* + 2arh 

SA = 2ar? + 2ar(2r) 


SA = 6nr° 
SA _ 2 
61 


[SA 
r a = 
6m 
b) A formula for radius as a function of the surface area, SA, of a cone with height three 
times its diameter, h = 6r, is 


SA=arvh+r t+ar 
SA=arJ(6ry +r? +ar° 
SA= arV37r° + ar 
SA= ar? (37 +1) 


ey 


x( 37 +1) 
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SA 


_ 
™ (V37 + 1) 
Section 2.2. Page 89 Question C1 


Example: Choose key points on the graph of y = f(x). Transform the points using the 
mapping (x, y) > (x, <y . Plot the new points and smooth out the graph. 


Section 2.2. Page 89 Question C2 


Example: The graph of y = 16 — 4x is a line with slope +4, y-intercept 16, and x-intercept 
4. The graph of y= ¥16—4x only exists when the graph of y = 16 — 4x is on or above the 
x-axis. The y-intercept is 4 and the x-intercept stays the same. For x < 4, the points are 


related by the mapping (x, y) > (x, Jy ; 


Section 2.2. Page 89 Question C3 
Example: No, it is not possible to completely graph the function y = f(x) given only the 


graph of y= ./ f(x) . The graph of y = f(x) may exist when y < 0 but the graph of 
y=. f(x) does not. 


Section 2.2. Page 89 Question C4 


b) Example: The function y = (x — 1)? — 4 has domain {x | x € R} and range 
{y|y>-4,y € R}. 

The function y = ./(x—1)° —4 has domain {x | x <—1 and x >3, x € R} and range 

{y |y >0, y € R}. The points on the graph of y = (x — 1)’ — 4 that are on or above the 


x-axis become points (x, Jy) on the graph of y= ./(x—1)’-4. 
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Section 2.3 Solving Radical Equations Graphically 


Section 2.3. Page 96 Question 1 


a) The equation 2++x+4 =4 can be solved by graphing the single function 
y= —2+Vx+4: choice B. 


b) The equation x—-4=~/x+4 can be solved by graphing the single function 
y= x-4-Vx+4: choice A. 


c) The equation 2 = /x+4-—4 can be solved by graphing the single function 
y= V¥x+4-6: choice D. 


d) The equation ¥x+4+2=x+6 can be solved by graphing the single function 
y= Vx+4-4-x: choice C. 


Section 2.3. Page 96 Question 2 
a) Vx+7-4=0 b) The x-intercept is 9. 
VX+7=4 
x+7=16 
x=9 


c) The solutions or roots of a radical equation are equivalent to the x-intercept(s) of the 
graph of the corresponding radical function. 


Section 2.3. Page 96 Question 3 


a) The solution is x ~ 24.714. b) The solution is xX ~ —117.273. 


Intersection Intersection 
H=e4rL4ebe = t=12 H="Lif.re?  T=4e 


c) The solution is x ~ +4.796. 
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fero fero 
n= 4.r95Ose [=o n=4rGSRsie [=o 


d) No solution. 


Section 2.3. Page 96 Question 4 


a) b) The solution will be the x-intercept of 
2/3x+54+7=16 the graph, x ~ 5.083. 


2V3x+5 =9 


(ve) 1oS) 
x x 

+ + 

WN Nn 
| ll 

co N | 
— 


cero 
n=5. 


1SS) 

~< 

| | 
JZ alQal 


bad 
II 


— 
N 


The solution is x = ~ or X ~ 5.083. 


Section 2.3. Page 96 Question 5 


a) For ¥2x-9 =11,x= 


The solution is x = 65. 


WN | © 


Intersection———_——— 
H=65 Yel 
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b) For 7=V12—x+4,x< 12. 
The solution is x = 3. 


Intersection 
i | Y= 


c) For 5+2V5x+32 =12,x> -=. 


The solution is x = —3.95. 


Intersection 
n= "19.5 


Y=5 


Section 2.3. Page 97 Question 6 


a) For V5x* +11 =x+5, there are no restrictions on the variable. 
V5x°+11=x+4+5 
5x’ +11=x° +10x+25 
4x’ -10x-14=0 
(2x +2)(2x-7)=0 
2x+2=0 or 2x—-7=0 
2x = —2 2x = 


x=-l x= 
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b) For x+3=~2x’ —7, the restrictions on the variable are x < als or x= 


xX4+3=V2x°-7 
x’ +6x+9=2x? —7 
0=x’ —6x-16 
0 =(x+2)(x-8) 
x+2=0 or x-8=0 
x=8 


vi4 
=~. 


x=—2 
3 nas 13 13 
c) For ¥13-—4x° =2-x, the restrictions on the variable are ras S205 roe 
13-4x? =2-—x 
13-4x? =4-4x+ x? 
0 =5x?-4x-9 


0 =(5x—9)(x +1) 


5x-9=0 or x+1=0 
5x=9 x=-l 
x= Z or 1.8 
5 
d) For x+-2x* +9 =3, the restrictions on the variable are sae <xXx< ae 


X+¥-2x° +9 =3 
V-2x? +9 =3-x 


—2x° +9 =9-6x4 x? 


0 =3x? —6x 

0 =3x(x-2) 
3x =0 or x-2=0 
x=0 x=2 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 2 Page 27 of 49 


Section 2.3. Page 97 Question 7 


a) For V8—x=x+6 , the restrictions on the variable are x < 8. 
V8-x =x+6 

8—x=x° +12x+36 

0 = x7 +13x+28 


be —~13+,/13° — 4(1)(28) 


2(1) 
Jel ENST 
2 
Seeaoy Seca 
xX = ——_—— or xX = ——_— 
5 2 
xx—2.7 xx 10.3 


The solution is x ~ —2.7, as x ~ —10.3 is an extraneous root. 


b) For 4=x+2/x—7 the restrictions on the variable are x > 7. 
4=x+2Vx-7 
4—x=2Jx-7 
16-8x+x? =4x° -14 
0 =3x? +8x—-30 
A ~8 + /8? —4(3)(-30) 
2(3) 
BEV 424 
6 
ye —~8 +2106 
6 
ge -4+J/106 
3 
ga esos - yates 


x2 2.1 xx 4.8 
There is no solution, as neither value of x meets the restriction. 


> V3 


c) For 43x’ —-11=x+1 the restrictions on the variable are x < ae or x> 
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V¥3x? -1l=x41 


3X7 1 Sx? + ON 1 


2x? —-2x-12=0 
x’ -x-6=0 
(x+2)(x—-3) =0 Intersection 
xT 2=0 or X= 3 = 0 RES 
x=-2 x=3 
The solution is x = 3, as x = —2 is an extraneous root. 


d) For x=\2x* —8+2 the restrictions on the variable are x < —2 or x >2. 


x= 2x? -8+2 


x-2=2x’-8 
x’ -4x+4=2x?-8 
0=x?+4x-12 


0 =(X+ 6)(xX—2) 
x+6=0 or x-2=0 
x=-6 x=2 
The solution is x = 2, as x = —6 is an extraneous root. 


Section 2.3. Page 97 Question 8 


a) For 9.7=6.2a+12.9,a~ 13.10. 


Intersection 
Hale 095161 Y=5.7 


Intersection 
f= 72 .c54R98 W=6.c 
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c) For 9.7 =6.2—Va’ —12.9 , there is no solution. 


d) For ¥2a’ +9.7 -12.9=a—6.2,a~~-2.25 ora 15.65. 


Intersection Intersection 
nee ders Y= "8. 44e rs H=15.B4br4s VSS. 44br aed 


Section 2.3. Page 97 Question 9 


a) For 6+Vx+4 =2, the restrictions on the variable 
are x > —-4. 


64+Vx+4=2 
Vx+4=-4 


The square root of the expression cannot be negative. 
There is no solution. 


b) Yes, you can tell that this equation has no solutions by examining the equation. 
As shown in part a), by noticing that isolating the radical expression equates it to 
a negative value. 


Section 2.3. Page 97 Question 10 


Determine the point of intersection of the graphs of 
N(t) = 1.3Vt +4.2 and N(t)=7.4. 

Greg is correct. The entire population would be affected 
after 6 years. 


Intersection 
H=B.OESFia Y=7.4 
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Section 2.3. Page 97 Question 11 


Determine the point of intersection of the graphs of 


T= 2n, = and T = 2. The pendulum should be 
approximately 0.99 m, or 99 cm, in length. 


Intersection 


ae ee 


Section 2.3. Page 97 Question 12 


a) Determine the point of intersection of the graphs of 
d= = and d = 6.4. Since the value of the 


b-coordinate is greater than or equal to 1000, a cable 
with diameter of 6.4 mm will support a mass of 1000 kg. 


b) Determine the point of intersection of the graphs of 


d= ie and d = 10. Since the value of the 


b-coordinate is 3000, a safe working load for a cable 
with diameter of 10 mm is less than or equal to 3000 kg. 


Section 2.3. Page 97 Question 13 


Hazeem is incorrect. The equation /x* =9 has two solutions, while the equation 


(vx) =9 has only one. 


Vx? =9 (Vx) =9 


x =81 x=9 
x=+19 
Section 2.3. Page 98 Question 14 


Let x represent a real number. 
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x=a/x+1 


x-l= Vx 
x? -2x+1l=x 
x’ —3x+1=0 
_—O3)t VC 3) —4(1)() 
2(1) 
Intersection 
—_ 34-5 uss edo0s4 | [¥=2.618034 
2 
3445 3-4/5 
x= or ne 
2 2 
x 2.6 xx 0.4 
Check: 
For x = 2.6 For x = 0.4 
Left Side Right Side Left Side Right Side 
x Vx +l x Vx +l 
~2.6 2V/2.6+1 = 0.4 ~/0.4+1 
= 2.6 = 1.6 
Left Side = Right Side Left Side 4 Right Side 
The real number is > : 
Section 2.3. Page 98 Question 15 


a) Substitute m= 20. Determine the point of 
intersection of the graphs of 


d= 3.69, au and d = 3.2. The landing velocity for a 
Vv 


20-kg object using a parachute that is 3.2 min 
diameter is approximately 5 m/s. 


b) Substitute v= 2. Determine the point of intersection 
of the graphs of d= 3.60] and d= 16. The landing 


velocity for a 2 m/s and a parachute that is 16 m can 
carry a parachutist with a maximum mass of 
approximately 75 kg. 
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Section 2.3. Page 98 Question 16 


Substitute (—1, 1) into y= ./—3(x+c)+c. 
1=,/-3(-I+c)+c 
1-c=3-3c 
1-2c+c? =3-3c 
c’+c-2=0 
(c+2)(c-1)=0 
c+2=0 or c—1=0 


c=—2 c=1 
The solutions are c=—2 andc=1. 


Intersection Intersection 
n= 7E n=l 


Example: If the function y= ./—-3(x+c)+c passes through the point (0.25, 0.75), what 
is the value of c? 


Section 2.3. Page 98 Question 17 


Given A = 900 and a = 60. Let c = 2b. Then, s = 30 +1.5b. Substitute into Heron’s 
formula. 


A= Js(s —a)(s—b)(s—c) 
900 = G0 +1.5b)(30+1.5b—60)(30+1.5b—b)(30+1.5b—2b) 
900 = 0 +1.5b)(—30 + 1.5b)(30 + 0.5b)(30 —0.5b) 


900 = (2.25? —900)(900 —0.25b*) 
Graph the two functions. 


Intersection Intersection 
H=S0.BHPLce a f=900 HEGESOLI0F sT=F00 


If b = 30.7, then c ~ 61.4. If b ~ 55.3, then c = 110.6. 
The lengths of the three side of the triangle are 60 cm, 30.7 cm, and 61.4 cm 
or 60 cm, 55.3 cm, and 110.6 cm. 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 2 Page 33 of 49 


Section 2.3. Page 98 Question C1 


The x-intercepts of the graph of a function are the solutions to the corresponding 
equation. 


Example: A graph of the function y = x—1-—2 would show that the x-intercept is 5. The 
equation that corresponds to this function is 0 = ¥x—1-2 and its solution is 5. 


Section 2.3. Page 98 Question C2 


a) Let v represent the speed, in metres per second. Let d represent the depth of the water, 
in metres. Then, a function for the speed of a tsunami is v= ¥9.8d 


b) Substitute d = 2500 into v= V9.8d . 
v= (9.8 m/s”)(2500 m) 
v= {24500 m7/s” 


v= 156.5 m/s 


c) Graphically: Determine the point of intersection of 
the graphs of 


v= V9.8d and v= 200. 


Algebraically: 
200 = V9.8d 
40 000 = 9.8d 
d= 40 000 
9.8 
d ~ 4081.6 


The depth of water that would produce a speed of 200 m/s is approximately 4081.6 m. 
d) Example: In this case, I prefer the algebraic method because it is faster than graphing 
with technology, where I have to adjust window settings to locate the point of 
intersection. 


Section 2.3. Page 98 Question C3 


Radical equations only have a solution if the graph of the corresponding function has an 
x-intercept. For example, y = Vx +4 and y=vVx+4+4 have no solutions because their 
graphs have no x-intercepts. 
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Section 2.3. Page 98 Question C4 


Extraneous roots may occur when solving equations algebraically. For example, a 
possible solution may not meet the restrictions on the variable in the square root or a 
check of the solution may yield an extraneous root. An extraneous root can also be 
identified by graphing. 

Extraneous roots of a radical equation may occur anytime an expression is squared. For 
example, x’ = 1 has two possible solutions, x = +1. 


Chapter 2 Review 
Chapter 2 Review Page 99 Question 1 
a) 
Xx y=x domain {x |x>0,x € R} 
0 0 range {y|y20,y € R} 
1 1 
4 2 
2] 3 


The restriction on the domain is because the radicand must be greater than or equal to 
zero. All x- and y-values in the table are within the domain and range, respectively. The 
graph exists in quadrant I, as defined by the domain and range. 


b) 


domain 


xX | y=vV3-xX 


(+6, 3) 


{x|x<3,x € R} 


3 0 
range {y|y>0,y € R} 

—] 2 

—6 3 


The restriction on the domain is because the radicand must be greater than or equal to 
zero. All x- and y-values in the table are within the domain and range, respectively. The 
graph extends from quadrant I to quadrant II, as defined by the domain and range. 


Cc) 

xX | y= V2x+7 domain 
35 0 (143)) | | {x |x>-3.5,x € R} 
3 1 FoNGE EA range {y|y>0,y eR} 
—1.5 2 

1 3 
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The restriction on the domain is because the radicand must be greater than or equal to 
zero. All x- and y-values in the table are within the domain and range, respectively. The 
graph extends from quadrant II to quadrant I, as defined by the domain and range. 


Chapter 2 Review Page 99 Question 2 


a) For y= 5V¥x+20,a=5, b=1,h=-20, and k= 0. The graph of y = Vx is vertically 
stretched by a factor of 5 and translated 20 units to the left. 
domain {x | x >—20, x € R}, range {y| y=0,y € R} 


b) For y= J—2x 8,a=1,b=-2,h 0, and k=-8. The graph of y= Vx is 
horizontally stretched by a factor of 0.5, reflected in the y-axis, and translated 8 units 
down. 

domain {x |x <0, x € R}, range {y| y=>-8, y € R} 


C) Fory=—/-(x-11) a 1,b ah 11, and k= 0. The graph of y= Vx is 


reflected in the x-axis, horizontally stretched by a factor of 6, and translated 11 units to 
the right. 
domain {x|x=>11,x € R}, range {y| y<0,y € R} 


Chapter 2 Review Page 99 Question 3 


a) For a horizontal stretch by a factor of 10 and a vertical translation of 12 units up, 


b= " , k= 12, and the equation of the transformed function is y= , Jr-x 12. 


domain {x | x=0,x € R}, range {y| y=>12,y € R} 


b) For a vertical stretch by a factor of 2.5, a reflection in the x-axis, and a horizontal 
translation of 9 units left, a =—2.5, h =—9, and the equation of the transformed function is 


y= —2.5Vx+9. 


domain {x | x >—9, x € R}, range {y| y<0,y € R} 


c) For a horizontal stretch by a factor of : , a vertical stretch by a factor of x ,a 


reflection in the y-axis, and a translation of 7 units right and 3 units down, a = 50° 


b= =, h=7, k =—3, and the equation of the transformed function is 


1 2 
- x-7)-3. 
y= sy 5%? 


domain {x|x<7,x € R}, range {y| y>-3,y € R} 
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Chapter 2 Review Page 99 Question 4 


a) domain {x|x>1,x € R}, range {y|y<2,y € R} 
y 


Chapter 2 Review Page 99 Question 5 


For y= —2,/3(x-4)+9,a= 2, b=3,h=4, and k=9. The graph of y= Vx is vertically 


stretched by a factor of 2, reflected in the x-axis, horizontally stretched by a factor of : ; 


and translated 4 units to the right and 9 units up. 
Domain is affected by the values of b and h: {x|x>4,x € R} 
Range is affected by the values of a and k: {y| y<9,y € R} 


Chapter 2 Review Page 99 Question 6 


a) For S(t) = 500+100Vt , a= 100, b= 1, h=0, and k= 500. The graph of y= Vt is 
vertically stretched by a factor of 100 and translated 500 units up. 


b) Since the endpoint of the graph is (0, 500), the minimum sales of the new product is 
500 units. Sales will continue to increase with each day. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 2 Page 37 of 49 


c) domain {t|t>0,t € R}, range {S|S>500,S — W} 
The domain represent time, so it is non-negative. The range represents number of units 
sold, which is a minimum of 500 units. 


d) Substitute t= 60 into S(t) = 500+100Vt . 


S(60) = 500+100/60 
S(60) = 1274.596... 
After 60 days, approximately 1274 units will be sold. 


Chapter 2 Review Page 99 Question 7 


a) Compare key points on the graph of y = Vx and their image points on the given 


graph. 
(0, 0) — (-3, 2) 
(1,1) (1, 3) 


(4, 2) — (13, 4) 
The overall width has changed, so the graph has been horizontally stretched by a factor 
of 4. From the endpoint, the graph has been translated 3 units to the left and 2 units up. 


So,a=1,b , h=-3, k = 2, and the equation of the transformed graph is 


y= J ox+3) 42, 


b) Compare key points on the graph of y = Vx and their image points on the given 
graph. 

(0, 0) — (+, 3) 

(1,1) > C3, 1) 

(4, 2) — (0, -1) 

(9, 3) — (5, -3) 

The overall height has changed, so the graph has been vertically stretched by a factor 
of 2. From the general shape, the graph has been reflected in the x-axis. From the 
endpoint, the graph has been translated 4 units to the left and 3 units up. So, a =—2, 


b=1,h=—4, k=3, and the equation of the transformed graph is y= —2Vx+4+3. 
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c) Compare key points on the graph of y = Vx and their image points on the given 
graph. 

(0, 0) — (6, 4) 

(1, 1) > (2,4) 

(4, 2) — (-3, 8) 

The overall height has changed, so the graph has been vertically stretched by a factor 
of 4. From the general shape, the graph has been reflected in the y-axis. From the 
endpoint, the graph has been translated 6 units to the right and 4 units down. So, a = 4, 


b=-1, h=6, k =-4, and the equation of the transformed graph is y = 4,/-(x—6) —4. 


Chapter 2 Review Page 100 Question 8 


a) For y=x-—2, the domain is {x| x € R} and the range is {y| y € R}. 

For y= Vx—2, the domain is {x |x >2,x © R} and the range is {y| y>0,y € R}. 
The domains differ because y = Jx—2 is undefined for x <2. 

The ranges differ because y = Jx—2 is undefined for y=, 


b) For y = 10 —x, the domain is {x | x € R} and the range is {y|y € R}. 

For y= V10—x, the domain is {x | x < 10, x € R} and the range is {y| y>0,y € R}. 
The domains differ because y= J10—x is undefined for x > 10. The ranges differ 
because y= V10—x is undefined for y < 0. 


c) For y= 4x + 11, the domain is {x |x € R} and the range is {y| y € R}. 
For y= V4x+11, the domain is {x | x> sx € R} and the range is {y| y>0,y € R}. 


11 
The domains differ because y= V4x+11 is undefined for x < ae The ranges differ 
because y= V4x+11 is undefined for y < 0. 
Chapter 2 Review Page 100 Question 9 


a) I sketched the graph by locating key points, including invariant points, and 
determining the image points on the graph of the square root of the function. 
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b) Since the graph of y = f(x) is on or above the x-axis for x > —6, the graph of 
y= 4/f(X) exists only for these values. 


c) For y = f(x), the domain is {x | x € R} and the range is {y | y € R}. 

For y = ./ f(x) , the domain is {x | x >—6, x € R} and the range is {y| y>0, y € R}. 
The domains differ because y = ,/ f(x) is undefined for x <—6. 

The ranges differ because y = ,/ f(x) is undefined for y < 0. 


Chapter 2 Review Page 100 Question 10 


a) For y= 4 —x’, the domain is {x | x € R} and the range is fy| y<4,y € R}. 

For y= ae , the domain is {x |—2 <x <2, x € R} and the range is 
y|O<y<2,ye R}. 

The domains differ because y = V4—x? is undefined for x < —2 and x > 2. The ranges 
differ because y = V4-x? is undefined for y < 0 and has a maximum value of 2. 


b) For y = 2x’ + 24, the domain is {x | x € R} and the range is {y | y > 24, y € R}. 


For y = V2x? +24, the domain is {x | x € R} and the range is {y | y> 24 ,y € R}. 
The domains are the same because the entire graph of y = 2x° + 24 is above the x-axis. 


The ranges differ because y = (2x? +24 has a minimum value of 24. 


c) For y=x° — 6x (or y = (x — 3)’ — 9), the domain is {x | x € R} and the range is 
fy|y=-9,y € R}. 

For y= Vx’ —6x , the domain is {x | x <0 and x> 6, x € R} and the range is 
{y|y>0,y © R}. 

The domains differ because y = \x’ —6x is undefined for 0 < x < 6. The ranges differ 
because y= \x° —6x is undefined for y < 0. 


Chapter 2 Review Page 100 Question 11 


a) Use the Pythagorean theorem because the ladder forms a right triangle with the 
ground and the wall. An equation to represent h as a function of dis h= V625-d’. 


b) The domain is 
{d|—-25<d<25,d eR} and 
the range is {h|O<h<25,heER}. 


h(d) == 625—W 
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c) Since h and d represent distances, the values must be non-negative. So, the domain 
becomes {d|0<d<25,d € R} to represent the distances of the ladder from the base of 
the wall. The range represents scenarios from the ladder lying on the ground to flat 
against the wall. 


Chapter 2 Review Page 100 Question 12 


Chapter 2 Review Page 100 Question 13 


a) Vx+3-7=0 
VX+3=7 


x+3=49 
x=46 


b) The x-intercept is 46. 


c) The solutions or roots of a radical equation are equivalent to the x-intercepts of the 
graph of the corresponding radical function. 


Chapter 2 Review Page 101 Question 14 


a) The solution to V7x-9 —4=0 is x ~3.571. 


cero 
S=.CF14286 [f=0 
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b) The solution to 50 =12+V8-12x is x ~—119.667. 


Intersection 
n= 71159. 666" Y=50 


c) The solution to ¥2x* +5 =11 is x ~—7.616 and x = 7.616. 


Intersection Intersection 
n=" olorrs Har blerresl Weil 


Chapter 2 Review Page 101 Question 15 


Solve 9=,/2(9.8)h. 
9 = /2(9.8)h 
81=19.6h 

81 
~ 19.6 


= A132%. 
At a height of approximately 4.13 m, the water is flowing out at 9 m/s. 


Chapter 2 Review Page 101 Question 16 


aay : 14 
a) For ¥5x+14 =9, the restrictions on the variable are x > Ca 


V5x+14 =9 
5x+14=81 
5x =67 

67 
x=— 

5 


x=13.4 
The solution is x = 13.4. 


b) For 7+V8—x =12, the restrictions on the variable are x < 8. 
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7+V8—-x =12 
V8-—x=5 
8-—xX=25 


x=-17 
The solution is x = —17. 


Thter section 
H="ir Wie: 


c) For 23—4V2x—10 =12, the restrictions on the variable are x > 5. 
23-—4V¥2x—-10 =12 

4/2x—-10=-11 
Vv2x—-10 =< 


ee (ee 
16 


_ 281 
16 
281 

x =— 
32 


2x 


The solution is xX = a or X= 8.781. 


d) For x+3=~18—2x’ , the restrictions on the variable are —3 < x <3. 
X+3=+V18—2x° 


x? +6x+9 =18—2x° 


3x? +6x-9 =0 

x’ +2x-3=0 

(x+3)(x-1) =0 
x+3=0 or x-1=0 
x=-3 x=1 


The solution is x =—3 andx= 1. 
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Chapter 2 Review Page 101 Question 17 


a) For 3+Vx-1 =x, the restrictions on the variable are x > 1. 


34+V¥x-l=xX 
V¥x-l=x-3 


x—-1l=x°-6x4+9 


0=x’-7x+10 

0 =(x-2)(x—-5) 
x-2=0 or x-5=0 
x=2 x=5 


Since the solution found algebraically is x = 2 and x = 5, Jaime most likely used this 
approach. 


b) Since the solution found graphically is x = 5, Carly most likely used this approach. 


Intersection 
nae 


c) Atid most likely made an error, since x = 2 is an extraneous root. 


Chapter 2 Review Page 101 Question 18 


a) Substitute r= 5.2 into S(r) = mrV36+r° . 
S(5.2) = n(5.2)V¥364+5.2” 


S(5.2) = 5.21V 63.04 

S(5.2) = 129.706... 

For a tipi with radius 5.2 m, the minimum area of canvas required for the walls is 130 m’, 
to the nearest square metre. 


b) Solve 160 =arV36+r’ graphically. If 160 m°* of 
canvas form the wall of a tipi, then the radius will be 
approximately 6.0 m. 


Intersection 
H=B.O0L405? W=Led 
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Chapter 2 Practice Test 


Chapter 2 Practice Test Page 102 Question 1 


The points on the graph of y = ,/ f(x) , where it exits, have the same x-coordinates as 
points on the graph of y = f(x) but the y-coordinates are Jy .Ifx = 0, f(x) = 1 and 


 f (x) = 1. The point (0, 1) is on the graph of y = 4/ f(x) : choice B. 
Chapter 2 Practice Test Page 102 Question 2 


To solve ¥2x—5 =4 graphically, find determine the x-intercepts of the corresponding 
graph y = ¥2x—5—4: choice A. 


Chapter 2 Practice Test Page 102 Question 3 


For a radical function with domain {x|x>5,x ¢ R},a=1andh=S. 
For a radical function with range {y | y>0,y € R}, b= 1 andk=0. 
The equation of this function is f(x) = Vx—5: choice A. 


Chapter 2 Practice Test Page 102 Question 4 


For a horizontal stretch by a factor of 6, b = ; and the resulting function is y = =x : 


choice C. 
Chapter 2 Practice Test Page 102 Question 5 


Compare key points on the graph of y = Vx and their image points on the given graph. 
(0, 0) — (0, —2) 

(dd, 1) > (€-1,-1) 

(4, 2) — (4, 0) 

The overall width and height have not changed, so the graph has not been stretched 
horizontally or vertically. From the orientation of the graph, it has been reflected in the 
y-axis. From the endpoint, the graph has been translated 2 units down. So, a= 1, b=~-1, 


h=0, k=-—2, and the equation of the transformed graph is y= /—x —2: choice D. 
Chapter 2 Practice Test Page 102 Question 6 


For y= Vx , the domain is {x|x>0,x € R} and the range is {y| y>0,y € R}. 
For y= VJ5x+8,a=1,b=5,h=0, andk=8. The graph of y = Vx is horizontally 
stretched by a factor of 0.2 and translated 8 units up. The domain remains as 
{x|x>0,x € R} but the range becomes {y | y> 8, y € R}: choice B. 
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Chapter 2 Practice Test Page 102 Question 7 


The solution is xX ~ —16.62. 


Intersection 
H="16.61528 Y=e0 


Chapter 2 Practice Test Page 102 Question 8 


Compare key points on the graph of y = Vx and their image points on the given graph. 
(0, 0) — (0, 0) 

d,1)- (1, 4) 

(4, 2) — (4, 8) 

(9, 3) > (9, 12) 

The overall height has changed, so the graph has been vertically stretched by a factor 

of 4. From the general shape, the graph has not been reflected in an axis. From the 
endpoint, the graph has not been translated. So, a= 4, b= 1, h=0, k= 0, and an equation 


of the transformed graph is y = 4.x . The equation of the function can also be 


represented as y = 16x , a horizontal stretch by a factor of = 


Chapter 2 Practice Test Page 102 Question 9 


For y = 7 —x, the domain is {x | x € R} and the range is {y| y € R}. 

For y= V7 =x, the domain is {x |x <7, x € R} and the range is {y| y>0,y € R}. 

The domains differ because y = 7x is undefined for x > 7. The ranges differ because 
y= J7-x is undefined for y<0. 


Chapter 2 Practice Test Page 102 Question 10 


For f(x) = 8 — 2x’, the domain is {x | x € R} and the range is fy | y <8, y € R}. 
For y= V8—2x’ , the domain is {x | -2 <x <2,x € R} and the range is 
{y|O<y< V8,y eR}. 
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Chapter 2 Practice Test Page 102 Question 11 


Solve ¥12—3x? =x+2 using two graphical methods. 


Graph the corresponding functions y= 412—3x° and y=x +2 and determine the 
point(s) of intersection. 


Intersection 
=i 


The solution is x =—2 and x= 1. 


Graph the corresponding function y = ¥12—3x* —x-—2 and determine the x-intercept(s). 


The solution is x =—2 and x= 1. 


Chapter 2 Practice Test Page 102 Question 12 


For 4+ Vx+1 =x, the restrictions on the variable are x >—1. 


4+Vx+l=x 
VxX+1=x-4 


x+1l=x’—-8x+16 


0=x’ —-9x+15 
_(—9)4+./(—9/? — 
X= ( Ea 2) ON?) Tnterseckion 
2(1) 46.9128 W=6.7912878 
pu evol 
2 
9+ /21 9—J21 

X= or X= 

2 2 
xX~6.8 x22.2 


The solution is x ~ 6.8, as x ~ 2.2 is an extraneous root. 
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Chapter 2 Practice Test Page 103 Question 13 


a) ForS= ¥255d ,a= 1, b=255, h=0, and k = 0. The graph of S = Jd is horizontally 
stretched by a factor of —— 

255 
b) The length of skid mark expected 


from a vehicle travelling at 100 km/h is 
approximately 39 m. 


S= Je55d 


Chapter 2 Practice Test Page 103 Question 14 


a) Fory = -V2x+3,a=-1,b=2,h=0, 
and k = 3. The graph of y = Vx is 
reflected in the x-axis, horizontally 


stretched by a factor of 7 , and translated 


3 units up. 
c) domain {x | x>0,x € R}, range {y| y<3,y € R} 


d) The domain remains the same as that for y = Vx, since b> 0 and h=0. The range 
differs from that for y = Vx, since a< 0 and k = 3. 


e) The equation 5+./2x =8 can be solved by graphing the corresponding function 
y= -—wv2x +3 and determining its x-intercept. 


Chapter 2 Practice Test Page 103 Question 15 


I sketched the graph by locating key 
points, including invariant points, and 
determining the image points on the 
graph of the square root of the function. 
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Chapter 2 Practice Test Page 103 Question 16 


a) Consider the right half of the roof. The endpoint is (5, 0), so h = 5 and k= 0. The 
function is reflected in the y-axis, so b = —1. To determine the value of a, substitute the 


coordinates of the maximum point of the roof, (0, 5), into y= a,/—-(x—5). 


5 = a,/—-(0—5) 

5= av5 

ne 

A function where y represents the distance from the base to the roof and x represents the 
horizontal distance from the centre is y = (v5 j—(x—-5). 


b) For this situation, the domain is {x |0<x<5,x € R} and the range is 
{y|0<y<5,y € R}. The domain cannot be negative nor greater than the radius of the 
base, or 5. The range cannot be negative nor greater than the height of the roof, or 5. 


c) The approximate height of the roof at TIC CHe-259) 
a point 2 m horizontally from the centre 
of the roof is 4.58 m. 
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Chapter 3 Polynomial Functions 
Section 3.1 Characteristics of Polynomial Functions 
Section 3.1 Page 114 Question 1 


A polynomial function has the form 
flo) = nx” + dn 1x"! + dn ox" 7 +... + ax” +.aix tao, 
where a, is the leading coefficient; ao is the constant; and the degree of the polynomial, n, 


is the exponent of the greatest power of the variable, x. 


a) The function A(x) = 2- Vx isa radical function, not a polynomial function. 
1 


Vx is the same as x?, which has an exponent that is not a whole number. 


b) The function y = 3x + 1 is of the form y = aix + ao. 
It is a polynomial of degree 1. The leading coefficient is 3 and the constant term is 1. 


c) The function f(x) = 3° is not a polynomial function. 
The variable x is the exponent. 


d) The function g(x) = 3x* — 7 is of the form g(x) = aax* + agx° + aox* + ax + ao. 
It is a polynomial of degree 4. The leading coefficient is 3 and the constant term is —7. 


e) The function p(x) = x ° + x* + 3x is not a polynomial function. 
The term x ° has an exponent that is not a whole number. 


f) The function y =—4x° + 2x + 5 is of the form g(x) = a3x° + ax’ tax tao. 
It is a polynomial of degree 3. The leading coefficient is -4 and the constant term is 5. 


Section 3.1 Page 114 Question 2 


a) The function f(x) =—x + 3 has degree 1; it is a linear function with a leading 
coefficient of —1, and a constant term of 3. 


b) The function y = 9x" has degree 2; it is a quadratic function with a leading coefficient 
of 9, and a constant term of 0. 


c) The function g(x) = 3x4 + 3x? — 2x + 1 has degree 4; it is a quartic function with a 
leading coefficient of 3, and a constant term of 1. 


d) First rewrite k(x) = 4 — 3x° in descending powers of x: k(x) =—3x° + 4. 
The function k(x) = —3x° + 4 has degree 3; it is a cubic function with a leading coefficient 


of —3, and a constant term of 4. 


e) The function y =—2x° — 2x° + 9 has degree 5; it is a quintic function with a leading 
coefficient of —2, and a constant term of 9. 
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f) The function h(x) = —6 has degree 0; it is a constant function with a leading coefficient 
of 0, and a constant term of —6. 


Section 3.1 Page 114 Question 3 


a) Since the graph of the function extends down into quadrant HI and up into quadrant I, 
it is an odd-degree polynomial function with a positive leading coefficient. 
The graph has three x-intercepts. Its domain is {x | x € R} and its range is {y|y € R}. 


b) Since the graph of the function extends down into quadrant II and up into quadrant I, 
it is an odd-degree polynomial function with a positive leading coefficient. 
The graph has five x-intercepts. Its domain is {x |x € R} and its range is {y|y € R}. 


c) Since the graph of the function opens downward, extending down into quadrant III 
and down into quadrant IV, it is an even-degree polynomial function with a negative 
leading coefficient. The graph has three x-intercepts. Its domain is {x | x € R} and its 
range is {y|y<16.9,y eR}. 


d) Since the graph of the function opens downward, extending down into quadrant III 
and down into quadrant IV, it is an even-degree polynomial function with a negative 
leading coefficient. The graph has no x-intercepts. Its domain is {x | x € R} and its range 


is {y|y<-3,y eR}. 
Section 3.1 Page 114 Question 4 


a) The function f(x) = x° + 3x — 1 is a quadratic (degree 2), which is an even-degree 
polynomial function. Its graph has a maximum of two x-intercepts. Since the leading 
coefficient is positive, the graph of the function opens upward, extending up into 
quadrant IJ and up into quadrant I, and has a minimum value. The graph has a y-intercept 
of —1. 


b) The function g(x) =—4x° + 2x* —x + 5 is a cubic (degree 3), which is an odd-degree 
polynomial function. Its graph has at least one x-intercept and at most three x-intercepts. 
Since the leading coefficient is negative, the graph of the function extends up into 
quadrant II and down into quadrant IV. The graph has no maximum or minimum values. 
The graph has a y-intercept of 5. 


c) The function A(x) = —7x* + 2x° — 3x7 + 6x +4 isa quartic (degree 4), which is an even- 
degree polynomial function. Its graph has a maximum of four x-intercepts. Since the 
leading coefficient is negative, the graph of the function opens downward, extending 
down into quadrant III and down into quadrant IV, and has a maximum value. The graph 
has a y-intercept of 4. 


d) The function g(x) =x° — 3x° + 9x is a quintic (degree 5), which is an odd-degree 
polynomial function. Its graph has at least one x-intercept and at most five x-intercepts. 
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Since the leading coefficient is positive, the graph of the function extends down into 
quadrant II and up into quadrant I. The graph has no maximum or minimum values. The 
graph has a y-intercept of 0. 


e) First rewrite p(x) = 4 — 2x in descending powers of x: p(x) =—2x + 4. 

The function p(x) = —2x + 4 is linear (degree 1), which is an odd-degree polynomial 
function. Its graph has one x-intercept. Since the leading coefficient is negative, the graph 
of the function extends up into quadrant II and down into quadrant IV. The graph has no 
maximum or minimum values. The graph has a y-intercept of 4. 


e) First rewrite v(x) = 2° + 2x* — 4x° in descending powers of x: v(x) = 2x* — x — 4x, 
The function v(x) = 2x* — x* — 4x° is a quartic (degree 4), which is an even-degree 
polynomial function. Its graph has a maximum of four x-intercepts. Since the leading 
coefficient is positive, the graph of the function opens upward, extending up into 
quadrant II and up into quadrant I, and has a minimum value. The graph has a y-intercept 
of 0. 


Section 3.1 Page 115 Question 5 


Example: I disagree with Jake. Graphs of polynomial functions 
of the form y = ax" + x + b, where a, b, and n are even integers, 
will extend from quadrant II to quadrant I only if a and n are 
positive even integers. 

For example, the graph of y = 2x” +x + 4 has this shape, while 
the graph of y = —2x* + x + 4 does not. Also, if 1 is negative, 
then the function is no longer a polynomial. 


Section 3.1 Page 115 Question 6 


Rewrite P(x) = 1000x + x* — 3000 in descending powers of x: P(x) = x* + 1000x — 3000. 
a) The function P(x) =x* + 1000x — 3000 has degree 4. 


b) The leading coefficient is 1 and the constant is —3000. The constant represents a loss 
of $3000 if no snowboards are sold. 


c) The function is an even-degree polynomial function. Since the leading coefficient is 
positive, the graph of the function opens upward, extending up into quadrant I and up 


into quadrant I. 


d) The domain is {x | x >0,x € R}. Since x represents the number of snowboards sold, it 
must be non-negative. 


e) The x-intercepts of the graph represent when profit is zero. 
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f) For 1500 snowboards, substitute x = 15. 
P(x) = 1000x + x* — 3000 
P(15) = 1000(15) + (15)* — 3000 
P(15) = 62 625 
The profit from the sale of 1500 snowboards is $62 625. 


Section 3.1 Page 115 Question 7 

a) The function r(d) = —3d° + 3d” is a cubic (degree 3). 
b) The leading coefficient is —3 and the constant is 0. 
c) Its graph has at least one x-intercept and at most 
three x-intercepts. Since the leading coefficient is 
negative, the graph of the function extends up into 


quadrant II and down into quadrant I'V (similar to the 
line y =—). 


d) The domain is {d|0<d<1,d ce R}. Since d represents the amount of drug absorbed 
into the patient’s bloodstream, it must be non-negative and the reaction time must be 
greater than or equal to zero. 


Section 3.1 Page 115 Question 8 


a) 


Number of Rings | Total Number of Hexagons 


r f(r) =3r-3r+1 
1 1 
2 7 
3 19 


b) Substitute r= 12 into fr) = 37° —3r +1. 

(12) = 3(12) —3(12) +1 

f12) = 397 

The total number of hexagons in a honeycomb with 12 rings is 397. 
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Section 3.1 Page 116 Question 9 


a) The function P(A) = 4 — 208 — 207 + 1500¢+ 15 000 [WIEH*4-Z0HE-Z0Hz+4 50084 
is a quartic (degree 4), which is an even-degree 
polynomial function. This graph has no x-intercepts. 
Since the leading coefficient is positive, the graph of 
the function opens upward, extending up into quadrant 
II and up into quadrant I, and has a minimum value. 
The graph has a y-intercept of 15 000. For this situation, WotFOOD 
the domain is {t | 0 <t< 20, t € R} and its range is 

{P | 15 000 < P< 37 000, P € R}. 


b) Currently, at ¢=0, the population is 15 000 people. 


c) Substitute t= 10. 
P(t) =f — 208 — 207 + 1500r+ 15 000 
P(10) = (10)* — 20(10)° — 20(10)” + 1500(10) + 15 000 
P(10) = 18 000 
The population of the town 10 years from now will be 18 000 people. 


d) The population of the town be approximately 24 000 
in 18 years from now. 


Trike r sec hit fy 
H=LB.0s0er BR T=e4o00 


Section 3.1 Page 116 Question 10 


a) For this situation, the domain is 
{x |0<x <20 and x = 35, x € R} since x, the height of 
each box, cannot be negative. 


b) Vix) = 4x? — 220x? + 2800x 

Vx) = 4x(x° — 55x + 700) 

V(x) = 4x(x — 20)(x — 35) 
The factored form of the function shows that the zeros of the function are the x-intercepts 
of its graph. 
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Section 3.1 Page 116 Question 11 


a) In each case, the pair of graphs appears to be the same. 
y=(—y andy =x" y= (x) and y=x" y=(—)’ andy =x° 


Letn is a whole number, then 27 represents an even whole number. 


b) In each case, the graphs ee to be reflections of each other in the y- axis (or x- -axis). 
y=(—y andy=x° =(-xy andy =x° y=(—) and y =x’ 


Let n ae a whole number, then 2 + | represents an odd whole number. 
ey ee 2nt+1 
= 2ny_4\l2nt1 
y=), Gx 
y = ye +1 
_ 2n+1 
y=-x 
c) For even whole numbers, the graph of the functions are unchanged. For odd whole 
numbers, the graph of the functions are reflected in the y-axis (or x-axis). 


Section 3.1 Page 116 Question 12 


a) To obtain the graph of y = 3(x — 4)’ + 2, the graph of y = x’ is stretched vertically by a 
factor of 3 and translated 4 units to the right and 2 units up. 


b) I predict that to obtain the graph of y = 3(x — 4)* + 2, the graph of y = x" is stretched 
vertically by a factor of 3 and translated 4 units to the right and 2 units up. 
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Section 3.1 Page 116 Question 13 


Let a represent the root. If a polynomial equation of degree n has exactly one real root, 
the corresponding polynomial function is of the form y = (x — a)". If this is an even- 
degree function, then its graph will only touch the x-axis. If this is an odd-degree 
function, then its graph will cross the x-axis once. 


Section 3.1 Page 116 Question C1 


Let n represent the degree of the polynomial function. Let a represent the maximum or 
minimum value. 


Characteristic Odd Degree Even Degree 


minimum of 1 and 


: maximum of n 
maximum of n 


Number of x-intercepts 


Number of maximum minimum point when a,, > 0, 


and minimum points OPS maximum point when a, < 0 
Domain {x |x € R} {x|x eR} 
Yyly2zayeR}, 
Range eR 
oss wlysayeR} 


Section 3.1 Page 116 Question C2 


a) i) A graph that extends from quadrant III to I is an odd-degree function with a positive 
leading coefficient. For example, y =x° or y = 3x° + 5. 


ii) A graph that extends from quadrant II to I is an even-degree function with a positive 
leading coefficient. For example, y = x* or y = 2x4 +1. 


iii) A graph that extends from quadrant II to IV is an odd-degree function with a negative 
leading coefficient. For example, y =—x° or y=—3x° + 5. 


iv) A graph that extends from quadrant III to IV is an even-degree function with a 
negative leading coefficient. For example, y =-x* or y = —2x* + 1. 


b) Answers should agree on even or odd degree and on the sign of the leading 
coefficient. 
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Section 3.1 Page 116 Question C3 


Example: The line y = x and polynomial functions with 
odd degree greater than one and positive leading 
coefficient extend from quadrant III to quadrant I. Both 
have no maximum or minimum value. Both have the 
same domain and range. While the graph of y = x has 
only one x-intercept, the graph of an odd-degree 
polynomial function can have one, two, or three 
x-intercepts. 


Section 3.1 Page 117 Question C4 


Step 1 Linear and Quadratic 


Function Degree End Behaviour 
PH er. 1 extends from quadrant III to I 
y=-3xt1 1 extends from quadrant II to IV 
yar —A 2 opens upward 
y=2x"- 2x +4 2 opens downward 
vax ae 3 extends from quadrant II to I 
y= + 3x —2 3 extends from quadrant II to IV 
y= 2x*+ 16 3 extends from quadrant II to I 
y= x — 4x i) extends from quadrant II to IV 
yHx 4x +5 4 opens upward 
yar txt 4x°— 4x 4 opens downward 
y=Hx t+] 4 opens upward 
y= x — 2x*— 3x7 + 5x + 4x — 1 ) extends from quadrant II to I 
pox 1 5 extends from quadrant III to I 
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y= tx" t 8x + 8x" — 16x — 16 5 extends from quadrant II to IV 


y= x(x+1)-(x+4)° 5 extends from quadrant III to I 


Step 2 Even-degree functions: a positive leading coefficient means the graph opens 
upward and a negative leading coefficient means the graph opens downward. 
Odd-degree functions: a positive leading coefficient means the graph extends from 
quadrant III to I and a negative leading coefficient means the graph extends from 
quadrant II to IV. 


Step 3 The end behaviours of even-degree functions are always headed in the same 
direction, either opening upward or downward. 


Step 4. The end behaviours of odd-degree functions are always headed away from each 
other, either extending from quadrant II to I or from quadrant II to IV. 
Section 3.2 The Remainder Theorem 


Section 3.2. Page 124 Question 1 


a) 
x+12 
x—2)x? +10x—24 
ess 
12x —24 
12x -—24 
0 
2 aaa 
x +10x 24 4104 0 
x-2 x-2 


b) The restriction is x # 2. 


c) The corresponding statement that can be used to check the division is 
(x — 2)(x + 12) +0 =x" + 10x — 24. 


d) (x—2)(x + 12) +0 
=x" + 10x-24+0 
=x + 10x—24 
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Section 3.2. Page 124 Question 2 


a) 
3x? —7x* +x+16 
x+1)3x4 — 4x3 — 6x2 +17x—8 


3x4 +3x° 
—7x° — 6x" 
-~7x° —7x? 
e175 
x +x 
16x-8 
16x +16 
—24 
3x” — 4x! ox pee Ba: 3x73 rxi64{24) 


b) The restriction is x #—1. 


c) The corresponding statement that can be used to check the division is 
(x + 1)(3x° — 7x? +x + 16) — 24 = 3x" — 4° — 6x7 + 17x 8. 


d) (x + 1x? — 7x? +x + 16)—24 
= 3x7 — 7x2 +7 + 16x + 32° — 7x? +x4+16—24 
= 3x4 — 40° — 6x7 + 17x —8 


Section 3.2. Page 124 Question 3 


a) For (x° + 3x* — 3x — 2) + (x— 1), the 


quotient, Q, is x7 + 4x + 1. b) For =* = a , the quotient, Q, is 
x +4x4+1 Pay ees 
x-l)x? +3x?—3x-2 AYE 
x—x* x—2)\x? 42x? 72-2 
4x? —3x x? = 2x? 
4x? —4x 4x° —7x 
x=2 4x? —8x 
“1 = 
a x=2 
0 
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c) For (2w°>+3w* 
quotient, O, is 2w* — 3w—4. 
2w -3w-4 
w+3)2w" +3w —S5wt+2 
2w+6w 
—~3w —5w 
—3w —9w 
—4w+2 
—4w-12 
14 


t*+6t° —3t7 —t+8 
+] 
O, ist +5 —8t+7. 
t+5t? —8t+7 
t+) +60 307-148 
ere 
SP =3r 
5 +5t7 
—8t° -t 
—8t? —8¢ 
7t+8 
Tt+7 
1 


e) For 


, the quotient, 


Section 3.2. Page 124 Question 4 


a) For (x° + x° + 3) + (x + 4), the quotient, 
QO, is x” — 3x + 12. 
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5w+2)+(w+3), the d) For (9m>— 6m? +3m 


2)+(m 
quotient, O, is 9m? + 3m + 6. 
9m? +3m+6 
m—1)9m' ~6m? +3m+2 
9m? —9m? 


3m? +3m 


3m? —3m 
6m+2 
6m —6 
8 


f) For (2y* — 3y + 1) = (vy — 3), the quotient, 


O, is 2y’ + 6y’ + 15y + 45. 
2y +6y? +15y+45 
y—3)2y" +0y'-3y? +0y+1 
2y"-6y" 
6y'—3y° 
6y'-18y 
15y? +0y 
15y’ -45y 
45y+1 
45y—-135 
136 


m' —2m> +m’ +12m-6 


b) For ———————————., the 
m-—2 
quotient, QO, ism? + m+ 14. 
2} 1 -2 1 12 —6 


= =2 0 =2..  =28 


1), the 
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ce) For (2-x+x°-x°—x*)+(x+2), the — d) For (2s° + 3s — 9s — 10) + (s — 2), the 


quotient, QO, is-x° +.x*-x+ 1. quotient, O, is 2s° + 7s +5. 
+2} -1 -l 1 —] 2 —2| 2 3 —9 —10 
= = ,) BR 329, 9 2 A Ns AO 
x | —] 1 —] 1 0 x | 2 7 5 0 
A +2h? —3h+9 _ f) For (2x° + 7x? -x + 1) = (x + 2), the 
e) For a a the quotient, Q, is quotient, Q, is 2x7 + 3x —7. 
+2] 2 a —] 1 
2 4 6 -14 


Section 3.2. Page 124 Question 5 


a) For (x° + 7x° — 3x +4) +(x +2), a Aptos 
es ) + (x + 2) b) poellt=e 7 e3, 
i | a es BS) OO Ca 7 
= ae 20 2 12 36 108 291 
| a AWAD “36 <97 908 
xe+7x°-3x+4 5 4 
a ees ged a7 298 
s rs) <a 4¢° 122" —36t- 97 -—— 
c) For (0° + 3x7 -2x+5)+(x+ 1), d) For (4n? + 7n—5) + (n+ 3), n#-3. 
x#—I. 4314 7 -5 
+1 1 a 29 = 12. =15 


x°+3x° —2x4+5 ae 
x+1 x+1 


3 
Spee eae 
n—-3 


—3| 4 O” 15 2 
_ 12 -36 -63 


x14 12 21 65 x°+6x° —4x41 2 25 

are - == Se ee eng 
RE an? 120 +214 

n—- n— 
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Section 3.2. Page 124 Question 6 


Evaluate P(—2). 

a) P(x) =x° +3x°-5x+2 
P(-2) = 2) + 3(-2Y’ - 5(-2) +2 
P(-2)=-8+12+10+2 
P(-2) = 16 

The remainder when x° + 3x” — 5x +2 is divided by x + 2 is 16. 


b) P(x) = 2x* — 2x7 + 5x 
P(-2) = 2(-2)* — 2(-2° + 5(-2) 
P(-2) = 32 + 16-10 
P(-2) = 38 
The remainder when 2x* — 2x? + 5x is divided by x + 2 is 38. 


c) P(x) =x" tx — 5x7 +2x-7 
P(-2) = (-2)* + (2)° — 5(-2)? + 2(-2) — 7 
P(-2) = 16-8 -—20-4-7 
P(-2) =-23 


The remainder when x* + x° — 5x” + 2x —7 is divided by x + 2 is —23. 


d) P(x) = 8° + 4x? - 19 
P(-2) = 8(-2)° + 4(-2) — 19 
P(-2) =-64 + 16-19 
P(-2) =-67 
The remainder when 8x° + 4x — 19 is divided by x + 2 is -67. 


e) P(x) =3x°—12x-2 
P(-2) = 3(-2)° - 12(-2) -2 
P(-2) =-24 + 24-2 
P(-2) =-2 
The remainder when 3x° — 12x — 2 is divided by x + 2 is 2. 


f) P(x) = 2x3 + 3x? - 5x +2 
P(-2) = 2(-2)° + 3(-2)° — 5(-2) +2 
P(-2)=-16+12+10+2 
P(-2)=8 

The remainder when 2x° + 3x° — 5x + 2 is divided by x + 2 is 8. 


Section 3.2 Page 124 Question 7 


a) Evaluate P(-3). 
P(x) =x? + 2x* — 3x +9 
P(-3) = (3) + 2(-39 — 3(-3) + 9 
P(-3) =-27+ 18+9+9 
P(-3)=9 
The remainder when x° + 2x” — 3x + 9 is divided by x + 3 is 9. 
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b) Evaluate P(2). 

PQ) =o1—4F —37 

P(2) = 2(2) - 4(2)° - 32) 

P(2)=4-32-12 

P(2) =—40 

The remainder when 2 — 4¢° — 37 is divided by t—2 is -40. 


c) Evaluate P(3). 

P(x) =x° + 2x? -— 3x45 

PB) = Gy + 2B) — 3(3) +5 

P(3)=27+18-9+5 

P(3) =41 

The remainder when x* + 2x” — 3x + 5 is divided by x — 3 is 41. 


d) Evaluate P(2). 

P(n) = n' —3n? —5n+2 

P(2) = (2) — 3(2)° — 5(2) +2 

P(3) = 16-—12-—10+2 

P(3)=-4 

The remainder when n* — 3n? — 5n + 2 is divided by n — 2 is 4. 


Section 3.2 Page 124 Question 8 


a) Solve P(1) = 3 to determine the value of k. 
Pixar t4e?-—xtk 
3=1+4(1y~-1+k 
3=1+4-1+k 
=—] 


b) Solve P(2) =3 to determine the value of k. 
PQ)=xi+x°t+hke—15 
3=23+2°+ (2) 15 
3=8+4+4+2k-15 
k=3 


c) Solve P(—2) = 3 to determine the value of k. 
Pw)=xthet+xt5 
3 = (2) + 27° +2) +5 
=-8+4k-2+5 
k=2 
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d) Solve P(—2) = 3 to determine the value of k. 
P(x) =k + 3x41 
3 =k(-2) +3(-2)+1 
=-8k-6+1 
k=-1 


Section 3.2. Page 124 Question 9 


First, determine an expression for P(2) and P(-1). 


P(x) =—2x° + ex* — 5x42 P(x) =—2x° + ex? — 5x +2 
P(2) =-2(2)° + c(2)° — 5(2) +2 P(-1) =-2(-1)° + e(-1)° — 5-1) +2 
P(2)=-16+4c-10+2 P(-l)=2+c+5+2 
P(2) = 4c — 24 P(-l)=c+9 
Then, solve P(2) = P(—1) to determine the value of c. 
4c—24=c+9 

3c = 33 

c=11 


Section 3.2. Page 125 Question 10 


Solve P(-k) = 14 to determine the value of k. 
P(x) = 3x° + 6x — 10 
14 =3(-k)’ + 6(-K) — 10 
14 = 3k —6k-10 
0 = 3k -6k-24 
(=f =2-8 
0 =(k—4)(k+2) 
k—-4=0 or k+2=0 
k=4 =2 


Section 3.2. Page 125 Question 11 


a) A(x) =2x°-x-—6 
A(x) = (2x + 3)(x — 2) 
If the height of the rectangle is x — 2, then the width is 2x + 3. 


b) Evaluate A(3). 
A(x) = 2x? —x-6 
A(3) = 23) — (3) —6 


A(3) = 18-3-6 
A(3)=9 
ae ; ap, 28° —-X—6 9 
The remainder is 9. This represents a portion of the width: ee =2x+5+ a 
x- Poe 
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Section 3.2 Page 125 Question 12 


a) Determine 2n? — 4n+ 3 +n—-3. 


An expression for the other real number is 27 + 2 + 


n-3- 
b) Forn=1: 
9 9 
n—-3=1-3 2n+2+—— =2(1)+2+— 
ae n-3 1-3 
a =2+2-4.5 


=—0.5 
For n = 1, the two numbers are —2 and —0.5. 


Section 3.2. Page 125 Question 13 


a) Use synthetic division. 


+3] On Slam 88 481 
= 27% 720 481 


The expression 91x° + 24x + 16x represents the area of the base of the cylindrical 
containers. 


b) Vx)= (9nx" + 24nx + 16m)(x + 3) 
V(x) = m(9x° + 24x + 16)(x + 3) 
Vx) = n(3x + 4)°(x + 3) 
V=arh 
In this factored form, 3x + 4 represents the radius, 7, and x + 3 represents the height, h. 


c) If2 <x <8, then 10<r<28 and5<hA<11. 
For the given values of x, the radius can be from 10 cm to 28 cm and the height can be 
from 5 cm to 11 cm. 


Section 3.2. Page 125 Question 14 


Solve a system of equations represented by P(—3) =—1 and P(2) =-4. 


P(x) = mx? — 3x? + nx +2 P(x) = mx? — 3x? + nx +2 
—1 = m(-3)° — 3(-3)? + n(-3) + 2 —4 = m(2) - 3(2)? +n(2) +2 
—] =-27m — 27-—3n+2 —4=8m-12+2n+2 
24 =-27m — 3n 6=8m+2n 
=-9n-—n O 3=4m+n © 
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Add equations © and @: 11 =—5m 
11 


Substitute m = a into equation @: 3= “(-4) +n 


oo 
n=— 


a 
Section 3.2 Page 125 Question 15 


Solve a system of equations represented by P(2) =—5 and P(—1) =-16. 


P(x) = 3x° + ax’ + bx -9 P(x) = 3x° + ax’ + bx —9 
5 = 3(2)° + a(2)° + (2) —9 16 = 3(-1)° + a1)? + b-1) -9 
—5=24+4a+2b-9 16=-3+a-b-9 

—20 =4a+2b 4=a-b © 

-10=2a+b © 

Add equations © and @: -14 = 3a 

ee 
3 

Substitute a = -= into equation @: —4= -=-» 

pease 
3 


Section 3.2. Page 125 Question 16 


To determine the remainder when 10x* — 11x° — 8x + 7x + 9 is divided by 2x — 3, using 


synthetic division, rewrite the binomial as x — ne orx—1.5. 


The remainder is 15. 
Section 3.2. Page 125 Question 17 
Examples: 


a) A quadratic polynomial that gives P(3) = —4 is P(x) = (x — 1)(x — 3) —4, 
or P(x) =x —4x—1. 


b) A cubic polynomial that gives P(-2) = 4 is P(x) = (x — 1)°(x +2) + 4, 
or P(x) = x —3x+6. 
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ce) A quartic polynomial that gives P(0.5) = 1 is P(x) = (x — 1)°(2x — 1) + 1, or 
P(x) = 2x4 — Tx? + 9x? — 5x +2. 


Section 3.2. Page 125 Question C1 


Example: The process is basically the same. However in long division of polynomials, 
additional terms are brought down and added to the previous results. Polynomial division 
also results in a restriction. 


Section 3.2. Page 125 Question C2 
a) If the remainder is 0, then x — a is a factor of bx’ + cx + d. 


b) Evaluate P(a). 

P(x) = bx’ +x +d 
P(a)=ba*+cat+d 
P(a)=abt+act+d 
The remainder is a*b + ac + d. 


Section 3.2. Page 125 Question C3 


a) Evaluate h(500). 

h(d) = 0.0003d" + 2 
h(500) = 0.0003(500)? + 2 
h(500) = 77 
The remainder is 77. 


b) Evaluate /(—500). 

h(d) = 0.0003d* + 2 
h(—500) = 0.0003(—500)? + 2 
h(-500) = 752 
The remainder is 77. 


c) The remainders are the same. They represent the height of the cable at the given 
horizontal distances, 500 m, from the lowest point. 
T=0 Shee 
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Section 3.3 The Factor Theorem 

Section 3.3 Page 133 Question 1 

a) If P(1) = 0, then a corresponding binomial factor of a polynomial, P(x), is x — 1. 
b) If P(—3) = 0, then a corresponding binomial factor of a polynomial, P(x), is x + 3. 
c) If P(4) =0, then a corresponding binomial factor of a polynomial, P(x), is x — 4. 
d) If P(a) = 0, then a corresponding binomial factor of a polynomial, P(x), is x — a. 
Section 3.3. Page 133 Question 2 


a) Evaluate P(1). 

P(x) =x° — 3x°+ 45-2 

P(1) = (1)° — 3(1)° + 41) -2 

P)=1-3+4-2 

P(1)=0 

Since the remainder is zero, x — 1 is a factor of P(x). 


b) Evaluate P(1). 

P(x) = 2x* — x7 - 3x -2 

P(1) = 2(1)° - (1)° - 3(1) -2 

P()=2-1-3-2 

P(1)=+4 

Since the remainder is not zero, x — 1 is not a factor of P(x). 


c) Evaluate P(1). 

P(x) =3x°-x-3 

P(1) =3(1)° -(1y’°-3 

P()=3-1-3 

P()=-1 

Since the remainder is not zero, x — | is not a factor of P(x). 


d) Evaluate P(1). 

P(x) = 2x° + Ax? — 5x-1 

P(1) =2(1)° + 4(1)? -5(1)- 1 

P(l)=2+4-5-1 

P(A) =0 

Since the remainder is zero, x — 1 is a factor of P(x). 


e) Evaluate P(1). 

P(x) =x" — 3x°4 2x°-xt+1 
PQ) =(1)'- 3(1)° + 20-141 
P()=1-3+2-14+1 

P(1)=0 
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Since the remainder is zero, x — 1 is a factor of P(x). 


f) Evaluate P(1). 

P(x) = 4x4 — 2x? + 3x° - 2x +1 

P(1) =4(1)* -20° + 301? —2(1) + 1 
P()=4-24+3-2+1 

P(1)=4 


Since the remainder is not zero, x — 1 is not a factor of P(x). 


Section 3.3 Page 133 Question 3 


a) Evaluate P(—2). 

P(x) = 5x° + 2x +6 

P(-2) = 5(-2) + 2(-2) + 6 
P(-2) =20-4+6 
PC-2)=22 


Since the remainder is not zero, x + 2 is not a factor of P(x). 


b) Evaluate P(—2). 

P(x) = 2x? —x°-—5x-8 

PO) =2ey - Cy -35@)=8 
P(-2) =-16-4+ 10-8 

P(-2) =-18 


Since the remainder is not zero, x + 2 is not a factor of P(x). 


c) Evaluate P(—2). 

P(x) = 2x3 + 2x? -x-6 

PED) =2@Y +2-37- Cj =6 
P(-2) =-16+8+2-6 

Py =-2 


Since the remainder is not zero, x + 2 is not a factor of P(x). 


d) Evaluate P(—2). 

P(x) =x* — 2x? + 3x-4 

P(-2) = (-2)* — 2(-2)° + 3(-2) —4 
P@-2)=16=8=6=4 

PS) = 


Since the remainder is not zero, x + 2 is not a factor of P(x). 


e) Evaluate P(—2). 

P(x) =x'°+ 3x° — x7 -3x+6 

P(-2) = (2) + 3-2 — (2)? - 3-2) + 6 
P(-2) = 16 -24-4+6+6 

P(-2)=0 

Since the remainder is zero, x + 2 is a factor of P(x). 


MRR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 3 


Page 20 of 76 


f) Evaluate P(—2). 

P(x) =3x°+5x°+x-2 

P(-2) = 3(-2)' + 5(-2)" + (-2) -2 

P(-2)=48 + 20-2-2 

P(-2) = 64 

Since the remainder is not zero, x + 2 is not a factor of P(x). 


Section 3.3 Page 133 Question 4 


a) Let P(x) =x° + 3x” — 6x — 8. The possible integral zeros of the polynomial are the 
factors of the constant term, —8: +1, +2, +4, and +8. 


b) Let P(s) =s° + 4s” — 15s — 18. The possible integral zeros of the polynomial are the 
factors of the constant term, —18: +1, +2, +3, +6, +9, and +18. 


c) Let P(n) =n? — 3n* — 10n + 24. The possible integral zeros of the polynomial are the 
factors of the constant term, 24: £1, +2, +3, +4, +6, +8, +12, and +24. 


d) Let P(p) = p* — 2p° — 8p’ + 3p — 4. The possible integral zeros of the polynomial are 
the factors of the constant term, —-4: +1, +2, and +4. 


e) Let P(z) =z‘ + 52° + 22° + 72-15. The possible integral zeros of the polynomial are 
the factors of the constant term, —15: +1, +3, +5, and +15. 


f) Let P(y)=y" — Sy’ — Ty’ + 21y + 4. The possible integral zeros of the polynomial are 
the factors of the constant term, 4: +1, +2, and +4. 


Section 3.3 Page 134 Question 5 
a) For P(x) =x° — 6x” + 11x — 6, the possible integral zeros of the polynomial are the 


factors of the constant term, —6: +1, +2, +3, and +6. Test these values to find a first factor: 
P(1) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x° — 5x + 6 can be factored as (x — 2)(x — 3). 
So, P(x) = (x — 1)(« — 2)(x — 3). 


b) For P(x) =x° + 2x° — x — 2, the possible integral zeros of the polynomial are the 
factors of the constant term, —2: +1 and +2. Test these values to find a first factor: 
P(1) = 0. Use synthetic division to find the other factors. 
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Then, the remaining factor x° + 3x + 2 can be factored as (x + 1)(x + 2). 
So, P(x) = (x — 1)(« + 1)@ + 2). 


c) For P(v) =v + Vv’ — 16v— 16, the possible integral zeros of the polynomial are the 
factors of the constant term, —16: +1, +2, +4, +8, and +16. Test these values to find a first 
factor: P(—1) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor v’ — 16 can be factored as (v+ 4)(v —4). 
So, P(v) = (v + 1)(v + 4)(v— 4). 


d) For P(x) =x* + 4x° — 7x — 34x — 24, the possible integral zeros of the polynomial are 
the factors of the constant term, —24: +1, +2, +3, +4, +6, +8, +12, and +24. Test these 
values to find a first factor: P(—1) = 0. Use synthetic division to find the other factors. 


Repeat the process with the remaining factor x* + 3x° — 10x — 24. Test factors of the 
constant term, —24: P(—2) = 0. 


Then, the remaining factor x* + x — 12 can be factored as (x + 4)(x — 3). 
So, P(x) = (x + 1)(x + 2)(x + 4) — 3). 


e) For P(k) =k + 3k — 5k — 15k’ + 4k + 12, the possible integral zeros of the 


polynomial are the factors of the constant term, 12: +1, +2, +3, +4, +6, and +12. Test 
these values to find a first factor: P(1) = 0. Use synthetic division to find the other 
factors. 


Repeat the process with the remaining factor k* + 4k° — k? — 16k — 12. Test factors of the 
constant term, —12: P(—1) = 0. 


Then, the remaining factor k° + 34° — 4k — 12 can be factored by grouping as 
(k + 3)(K —4). 
So, P(k) = (k— 1)(kK + 1)(k + 3)(k + 2)(k— 2). 
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Section 3.3 Page 134 Question 6 


a) For P(x) =x° — 2x° — 9x + 18, the possible integral zeros of the polynomial are the 
factors of the constant term, 18: +1, +2, +3, +6, +9, and +18. Test these values to find a 
first factor: P(2) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x° —9 can be factored as (x + 3)(x — 3). 
So, P(x) = (x —2)(x + 3) — 3). 


b) For P(t)=" +f — 22t— 40, the possible integral zeros of the polynomial are the 
factors of the constant term, —40: +1, +2, +4, +5, +8, +10, +20, and +40. Test these values 
to find a first factor: P(—2) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor f° — t— 20 can be factored as (¢ + 4)(t— 5). 
So, P(t) = (t+ 2)(t + 4)(t—5). 


c) For P(h) = h° — 27h + 10, the possible integral zeros of the polynomial are the factors 
of the constant term, 10: +1, +2, +5, and +10. Test these values to find a first factor: 
P(5) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor h* + 5h — 2 cannot be factored. 
So, P(h) = (h—5)(h? + 5h —2). 


d) For P(x) =x° + 8x° + 2x — 15, the possible integral 
zeros of the polynomial are the factors of the constant 
term, —15: +1, +3, +5, and +15. Test these values to find 
that none of them is a factor. 

Graphing the corresponding function shows one non- 
integral zero atx ~ 1.1. 


fero 
n=L.115914 


e) For P(g) = q* + 2q° + 2q? — 2q — 3, the possible 
integral zeros of the polynomial are the factors of the constant term, —3: +1 and +3. Test 
these values to find a first factor: P(1) = 0. Use synthetic division to find the other 
factors. 
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Repeat the process with the remaining factor g° + 3q” + 5q + 3. Test factors of the 
constant term, 3: P(—-1) = 0. 


Then, the remaining factor g° + 2g +3 cannot be factored. 


So, P(g) = (q-1)(q + Iq + 2¢ + 3). 
Section 3.3 Page 134 Question 7 


a) Solve P(2) = 0 to determine the value(s) of k. 
P(x)=x —xtk 

0=2?-2+k 

0=2+k 

k=-2 


b) Solve P(-k) = 0 to determine the value(s) of k. 
P(x) =x - ox 7 
0= Ch’ 6(-k) —7 


0=k +6k—-7 
0=(k+7)(k-1) 
k+7=0 or k-1= 
=-7 k=1 


c) Solve P(—2) = 0 to determine the value(s) of k. 
Pixar t4art+xtk 

0=(-2) +42)? +2) +k 

0=6+k 

k=-6 


d) Solve P(2) = 0 to determine the value(s) of k. 
P(x) =x? + kx - 16 

0 =27 + k(2)— 16 

0=2k-12 

k=6 
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Section 3.3 Page 134 Question 8 


Factor V(h) = h? — 2h? +h. 

Vih)=h? - 2h? +h 

V(h) = h(h? — 2h + 1) 

Vih) = h(h- 1)(h- 1) 

The possible dimensions of the bookcase are h, h—1, and h—1. 


Section 3.3 Page 134 Question 9 


Factor V(€) = € — 20 — 158. 

Vil) =€ —2€ — 15€ 

Vie) = &(@ — 2€— 15) 

Ve) = &(€ — 5)(€ + 3) 

The possible width and height of the racquetball court are €—5 and (+3. 


Section 3.3 Page 134 Question 10 
For V(x) =x° + 5x” — 2x — 24, the possible integral zeros of the polynomial are the factors 


of the constant term, —24: +1, +2, +3, +4, +6, +8, +12, and +24. Test these values to find a 
first factor: P(2) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x* + 7x + 12 can be factored as (x + 3)(x + 4). 

So, V(x) = (x —2)(x + 3)(x + 4). 

The possible dimensions of the block, in centimetres, are (x — 2) cm by (x + 3) cm by 
(x + 4) cm. 


Section 3.3 Page 134 Question 11 


For V(x) =x° + 14x” + 63x + 90, the given factor is x + 6. Use synthetic division to find 
the other factors. 


Then, the remaining factor x* + 8x + 15 can be factored as (x + 3)(x + 5). 

So, V(x) = (x + 6)(x + 3)(x + 5). 

The polynomials that represent the possible length and width of the fish tank are x + 3 
andx +5. 
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Section 3.3 Page 135 Question 12 


a) x—5 1s a possible factor because it is the corresponding factor for x = 5. 
Evaluate /(5). 

fx) = x" — 14° + 69x? — 140x + 100 

AS) = (5)* — 14659 + 69(5)? — 140(5) + 100 

(5) = 625 — 1750 + 1725 — 700 + 100 

JS) =0 

Since f(5) = 0, x — 5 is a factor of the polynomial function. 


b) Use synthetic division to find the other factors. 


—5; 1 -14 69 -140 100 
= —5 45 —120 100 


Repeat the process with the remaining factor x° — 9x” + 24x — 20. Test factors of the 
constant term, —20: P(2) = 0. 


Then, the remaining factor x°—7x + 10 can be factored as (x — 5)(x — 2). 

So, fix) = (x — 5)°(x — 2)’. 

Since x — 2 is also a factor, another length of plastic that is extremely weak is a 2-ft 
section. 


Section 3.3 Page 135 Question 13 


xt + 6x3 + 11x? + 6x =x(x° + 6x? + 11x + 6) 

Factor x° + 6x° + 11x + 6 to find expressions for the other three integers. 

The possible integral zeros of the polynomial are the factors of the constant term, 6: +1, 
+2, +3, and +6. Test these values to find a first factor: P(—1) = 0. Use synthetic division to 
find the other factors. 


Then, the remaining factor x° + 5x + 6 can be factored as (x + 2)(x + 3). 
So, x7 + 6x? + 11x? + 6x = x(x + I(x + 2)(x + 3). 
Possible expressions for the other three integers are x + 1, x + 2, andx + 3. 
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Section 3.3 Page 135 Question 14 


Evaluate f(1). 

fx) = ax* + bx? + cx’ — dx te 

fll) =a(1)* + bY + c(1ly - d(1) +e 

fi) =at+bt+ct+dte 

Sincea+b+c+d+e=0, this polynomial is divisible by x — 1. 


Section 3.3. Page 135 Question 15 


Let P(x) = 2x? + mx? + nx —3 and O(x) =x? — 3mx? + 2nx + 4. 
Solve a system of equations represented by P(2) = 0 and Q(2) = 0. 


P(x) = 2x? + mx’ + nx —3 O(x) =x? 3mx? + 2nx + 4 
0 =2(2)° + m(2)° + n(2) —3 0 = 23 — 3m(2)° + 2n(2) +4 
0=16+4m+2n-3 0=8-—12m+4n+4 
-13=4m+2n © ~12=-12m+4n 


6=-6m+2n © 
Subtract equation @ from ©: —7 = 10m 
7 


10 


Substitute m = = into equation @: -6= -- | +2n 


Section 3.3 Page 135 Question 16 


a) i) For P(x) =x° — 1, the possible integral zeros of the polynomial are the factors of the 
constant term, —1. Test these values to find a first factor: P(1) = 0. Use synthetic division 
to find the other factors. 


x11 1 1 0 


Then, the remaining factor x* + x + 1 cannot be factored. 
So, P(x) = (x — DQ? +x+ 1). 


ii) For P(x) = x° — 27, the possible integral zeros of the polynomial are the factors of the 


constant term, —27. Test these values to find a first factor: P(3) = 0. Use synthetic 
division to find the other factors. 
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Then, the remaining factor x° + 3x + 9 cannot be factored. 
So, P(x) = (x —3)(x? + 3x +9). 


iti) For P(x) =x° + 1, the possible integral zeros of the polynomial are the factors of the 
constant term, |. Test these values to find a first factor: P(—1) = 0. Use synthetic division 
to find the other factors. 


Then, the remaining factor x — x + 1 cannot be factored. 
So, P(x) = (x + LQ? —x + 1). 


iv) For P(x) =x° + 64, the possible integral zeros of the polynomial are the factors of the 
constant term, 64. Test these values to find a first factor: P(—4) = 0. Use synthetic 
division to find the other factors. 


Then, the remaining factor x” — 4x + 16 cannot be factored. 
So, P(x) = (x + 4)(x* — 4x + 16). 


b) From the results in part a), I would expect x + y to be a factor of x° + y’. Then, the 
remaining factor will be x° — xy +’. 


c) From the results in part a), I would expect x — y to be a factor of x° — y’. Then, the 
remaining factor will be x° + xy + y’. 


d) Rewrite x°+ y° as (x°) + (y’)°. From the results in part b), 
+= + Pot_ xy ty. 


Section 3.3 Page 135 Question C1 


The x-intercepts of the graph of f(x) = x*-3x°-4 give the zeros of the function. In turn, 
these provide the binomial factors of the polynomial. Since the x-intercepts are —2 and 2, 
x +2 and x —2 are factors. Use division by one of these factors to determine the other 
factors. 
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Repeat the process with P(x) = x° — 2x° + x — 2 with the other known factor. 


Then, the remaining factor x” + 1 cannot be factored. 
So, fix) = (x + 2)(x — 2)(x* + 1). 


Section 3.3 Page 135 Question C2 


For P(x) =x* — x° + 2x’ — 5, the possible integral zeros of the polynomial are the factors 
of the constant term, —5: +1 and +5. 

Graphing the polynomial and determining the x-intercepts is another method of finding 
possible factors. In this case, there are no integral zeros. 


fero 
n= "L.0Bse4s [=o 


Section 3.3. Page 135 Question C3 


You can use the factor theorem, the integral zero theorem, the quadratic formula, and 
synthetic division to factor a polynomial of degree greater than or equal to three. 

* Use the integral zero theorem to list possible integer values for the zeros. 

* Next, apply the factor theorem to determine one factor. 

¢ Then, use synthetic division to determine the remaining factor. 

* Repeat the above steps until all factors are found. 

¢ When the remaining factor is a quadratic that cannot be factored, the exact roots may be 
found using the quadratic formula. 


Section 3.4 Equations and Graphs of Polynomial Functions 
Section 3.4 Page 147 Question 1 


a) x(x + 3)(x—4) =0 


x=0 or x+3=0 or x-4=0 
x=-3 x=4 
b) (x -— 3)(x- 5)(x + 1) =0 
x-3=0 or x-5=0 or x+1=0 
x=3 x=5 x=-l 
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c) (2x + 4) - 3) =0 
2x+4=0 or x-3=0 

x=2 x=3 
Section 3.4 Page 147 Question 2 


a) (x + 1)°(x+2)=0 


x+1=0 or x+2=0 
== e==2 
b) x -1=0 
3 
x =1 
x=1 


ce) x +442) =0 
x+4=0 or x+2=0 
x=—-4 eS =2 


Section 3.4 Page 148 Question 3 


a) Since the graph of the polynomial function crosses the x-axis at all three x-intercepts, 
they are of odd multiplicity. The least possible multiplicity of each x-intercept is 1, so the 
least possible degree is 3. The graph extends down into quadrant III and up into quadrant 
I, so the leading coefficient is positive. Since the x-intercepts, or roots, are —3, —2, and 1, 
the factors are x + 3, x + 2, and x — 1. The corresponding polynomial possible equation is 
(x + 3)(x + 2)(x-1)=0. 


b) Since the graph of the polynomial function crosses the x-axis at all three x-intercepts, 
they are of odd multiplicity. The least possible multiplicity of each x-intercept is 1, so the 
least possible degree is 3. The graph extends up into quadrant II and down into quadrant 
IV, so the leading coefficient is negative. Since the x-intercepts, or roots, are 4, 1, and 3, 
the factors are x + 4, x — 1, and x — 3. The corresponding polynomial possible equation is 
(x + 4)(x — 1) - 3) = 0. 


c) Since the graph of the polynomial function crosses the x-axis at two of the x-intercepts 
and touches the x-axis at one of the x-intercepts, the least possible multiplicities of these 
x-intercepts are, respectively, 1 and 2, so the least possible degree is 4. The graph extends 
down into quadrant III and down into quadrant IV, so the leading coefficient is negative. 
Since the x-intercepts, or roots, are 4 (multiplicity 2), 1, and 3, the factors are (x + Ay’, 
x—1, and x —3. The corresponding polynomial possible equation is 

(x + 4)°(x — 1)\(x — 3) =0. 
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Section 3.4 Page 148 Question 4 
a) i) The x-intercepts are -4, —1, and 1. 


ii) The function is positive for values of x in the intervals -4 <x <—l and x > 1. The 
function is negative for values of x in the intervals x <—4 and-1 <x<1. 


iii) Since the graph of the polynomial function crosses the x-axis at all three x-intercepts, 
the least possible multiplicity of each zero is 1. 


b) i) The x-intercepts are —1 and 4. 
ii) The function is negative for values of x in the intervals x <—1,-1<x<4, and x> 4. 


iii) Since the graph of the polynomial function touches the x-axis at both x-intercepts, the 
least possible multiplicity of each zero is 2. 


c) i) The x-intercepts are —3 and 1. 


ii) The function is positive for values of x in the intervals x <—3 and x > 1. The function 
is negative for values of x in the interval —3 <x< 1. 


iii) Since the graph of the polynomial function crosses the x-axis at both x-intercepts, the 
least possible multiplicity of each zero is 1. However, the shape of the graph close to the 
x-intercept of 1 is similar to the shape of the cubic curve y = (x — 1)’, so that zero has 
multiplicity of 3. 


d) i) The x-intercepts are —1 and 3. 


ii) The function is positive for values of x in the interval x < —1. The function is negative 
for values of x in the intervals —1 <x <3 andx>3. 


iii) Since the graph of the polynomial function crosses the x-axis at one of the x-intercepts 
and touches the x-axis at one of the x-intercepts, the least possible multiplicities of these 
x-intercepts are, respectively, 1 and 2. However, the shape of the graph close to the 
x-intercept of —1 is similar to the shape of the cubic curve y = (x + 1)’, so that zero has 
multiplicity of 3. 


Section 3.4 Page 148 Question 5 
a) Compare to the graph of the base function y = x°. This graph has been translated 


2 units to the right and 2 units down: / = 2 and k = —2. So, the equation of the function is 
y =(x— 2) —2: choice B. 
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b) Compare to the graph of the base function y = x°. This graph has been reflected in the 
y-axis and translated 1 unit up: b =—1 and k = 1. So, the equation of the function is 
y= (x)? + 1: choice D. 


c) Compare to the graph of the base function y = x*. This graph has been stretched 
vertically and translated 3 units up: a > 0 and k = 3. So, the equation of the function must 
be y = 0.5x" + 3: choice C. 


d) Compare to the graph of the base function y = x*. This graph has been stretched 
horizontally and translated 1 unit to the right and 2 units down: b> 0, A = 1, and k = —-2. 
So, the equation of the function must be y = (2(x — 1))*— 2: choice A. 


Section 3.4 Page 149 Question 6 
a) Compare the functions y = 0.5(—3(x — 1))° + 4 and y = a(b(x — h))" + k to determine 
the values of the parameters. 


:; 1 ee : 
=-—3 corresponds to a horizontal stretch of factor 3 and a reflection in the y-axis. 


Beds 1 
Multiply the x-coordinates of the points in column 1 by a 


a= 0.5 corresponds to a vertical stretch of factor 0.5. Multiply the y-coordinates of the 
points in column 2 by 0.5. 

h= 1 corresponds to a translation of 1 unit to the right and 4 = 4 corresponds to a 
translation of 4 units up. Add 1 to the x-coordinates and 4 to the y-coordinates of the 
points in column 3. 


b) 
y=x | y=(-3x)y | y=0.5-3xy | y=0.5(-3(x-1)) +4 
9 /G-) (G4) [64 
Aah E -1) 1 -;| [S z) 
Chis} 3° 3° 2 a2 
(0, 0) (0, 0) (0, 0) (1, 4) 
1 11 29 
ae ee ae a2 
(GIG) [by 


MRR °* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 3 Page 32 of 76 


c) 


v= 05\—B(x— 1)? +14 


Section 3.4 Page 149 Question 7 


a) i) Factor the polynomial expression x° — 4x” — 45x. 
y=x 4x — 45x 

y= — 45-45) 

y=x(x—9)(x + 5) 

So, the x-intercepts of the graph are 0, 9, and —S. 


ii) The function is of degree 3 and the leading coefficient is positive. The graph of the 
function extends down into quadrant III and up into quadrant I. 


iii) The zeros are 0, 9, and —5, each of multiplicity 1. 
iv) The y-intercept is 0. 


v) Use the end behavior and multiplicity of the zeros. The graph begins in quadrant III, 
passes through x =—S to above the x-axis, down through the origin to under the x-axis, 
and passes through x = 9 upward into quadrant I. The function is positive for values of x 
in the intervals —5 < x < 0 and x > 9. The function is negative for values of x in the 
intervals x <—5 and0<x<49. 


b) i) Factor the polynomial expression x* — 81x”. 
fay=x—81x 

fix) =x°(x° — 81) 

fx) = x"(x- 9x + 9) 

So, the x-intercepts of the graph are 0, 9, and —9. 


ii) The function is of degree 4 and the leading coefficient is positive. The graph of the 
function extends up into quadrant II and up into quadrant I. 


iii) The zeros are 0 (multiplicity 2) and 9 and —9, each of multiplicity 1. 


iv) The y-intercept is 0. 
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v) Use the end behavior and multiplicity of the zeros. The graph begins in quadrant II, 
passes through x = —9 to below the x-axis, touches the x-axis at x = 0, passes through 

x = 9 upward into quadrant I. The function is positive for values of x in the intervals 

x <-9 and x > 9. The function is negative for values of x in the intervals —9 < x < 0 and 
OA, 


c) i) Factor the polynomial expression x° + 3x* — x — 3. 
h(x) =x° + 3x° -—x-3 

h(x) = x°(x + 3) — (x + 3) 

h(x) = (x + 3)" — 1) 

h(x) = (x + 3)(x— I + 1) 


So, the x-intercepts of the graph are —3, 1, and —-1. 


ii) The function is of degree 3 and the leading coefficient is positive. The graph of the 
function extends down into quadrant III and up into quadrant I. 


iii) The zeros are —3, 1, and —1, each of multiplicity 1. 
iv) The y-intercept is —3. 


v) Use the end behavior and multiplicity of the zeros. The graph begins in quadrant III, 
passes through x = —3 to above the x-axis, passes through x = —1 to below the x-axis, 
passes through the y-intercept and the x-axis at x = 1 upward into quadrant I. The function 
is positive for values of x in the intervals —3 < x <—1 and x > 1. The function is negative 
for values of x in the intervals x <—3 and—-1 <x< 1. 


d) i) For k(x) = —x* — 2x7 + 7x” + 8x — 12, the possible integral zeros of the polynomial 
are the factors of the constant term, —12: +1, +2, +3, +4, +6, and +12. Test these values to 
find a first factor: 4(1) = 0. Use synthetic division to find the other factors. 


The remaining factor —x* — 3x° + 4x + 12 can be factored. 
—x° — 3x7 + 4x + 12 

= —x°(x +3) + 4(x + 3) 

= (x +3)? +4) 

=-(x + 3)@° — 4) 

= {x + 3)(x + 2)(x — 2) 

So, k(x) = {x — 1)(x + 3)(x + 2)(x — 2). 

The x-intercepts of the graph are 1, —3, —2, and 2. 


ii) The function is of degree 4 and the leading coefficient is negative. The graph of the 
function extends down into quadrant III and down into quadrant IV. 
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iii) The zeros are 1, —3, —2, and 2, each of multiplicity 1. 
iv) The y-intercept is —12. 


v) Use the end behavior and multiplicity of the zeros. The graph begins in quadrant II], 
passes through x = —3 to above the x-axis, passes down through x = —2 to below the 
x-axis, passes through the y-intercept and up through the x = 1, and back down through 

x = 2 into quadrant IV. The function is positive for values of x in the intervals —3 < x <-—2 
and | <x <2. The function is negative for values of x in the intervals x <—3,-2<x<l, 
and x > 2. 


Section 3.4 Page 149 Question 8 


Section 3.4 Page 149 Question 9 


a) First factor out the common factor. 

fx) = x4 = 493 +x? + 6x 

fc) = x00 — 4x? +x + 6) 

For P(x) =x° —4x° +x + 6, the possible integral zeros of the polynomial are the factors of 
the constant term, 6: +1, +2, +3, and +6. Test these values to find a first factor: P(—1) = 0. 
Use synthetic division to find the other factors. 
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x} 1 —-5 6 


Then, the remaining factor x° — 5x + 6 can be factored as (x — 2)(x — 3). 
So, f(x) = x(x + 1)(x — 2)(x — 3). 


Use a table to organize information about the function. Then, use the information to 


sketch the graph. 
Degree 4 
Leading Coefficient | | 


End Behaviour 


extends up into quadrant II and up into quadrant I 


Zeros/x-Intercepts 


—1, 0, 2, and 3 


y-Intercept 


0 


Intervals Where the 
Function Is Positive 
or Negative 


positive values of f(x) in the intervals x <—1, 0 <x <2, and 
a3 
negative values of f(x) in the intervals —1 <x <0Oand2<x<3 


b) For P(x) =x° + 3x° — 6x — 8, the possible integral zeros of the polynomial are the 
factors of the constant term, —8: +1, +2, +4, and +8. Test these values to find a first factor: 
P(-1) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x° + 2x — 8 can be factored as (x + 4)(x — 2). 
So, y=(x+ 1) + 4)(x - 2). 


Use a table to organize information about the function. Then, use the information to 


sketch the graph. 
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Degree 


3 


Leading Coefficient 


1 


End Behaviour 


extends down into quadrant III and up into quadrant I 


Zeros/x-Intercepts 


—4,-1, and 2 


y-Intercept 


—8 


Intervals Where the 
Function Is Positive 
or Negative 


positive values of f(x) in the intervals -4 <x <-—1l andx >2 
negative values of f(x) in the intervals x <—4 and-1 <x <2 


c) For P(x) =x° — 4x° +x + 6, the possible integral zeros of the polynomial are the 


factors of the constant term, 6: +1, +2, +3, and +6. Test these values to find a first factor: 


P(-1) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x° — 5x + 6 can be factored as (x — 2)(x — 3). 


So, y= @+ D&—-2)a- 


3; 


Use a table to organize information about the function. Then, use the information to 


sketch the graph. 
Degree 5] 
Leading Coefficient | 1 


End Behaviour 


extends down into quadrant III and up into quadrant I 


Zeros/x-Intercepts 


—1, 2, and 3 


y-Intercept 


6 


Intervals Where the 
Function Is Positive 
or Negative 


positive values of f(x) in the intervals —1 <x <2 and x >3 
negative values of f(x) in the intervals x <—1 and2<x<3 


MRR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 3 


Page 37 of 76 


Y=|X7|- 4x"|+ x + G 


d) For P(x) =-x° + 5x’ — 7x + 3, the possible integral zeros of the polynomial are the 


factors of the constant term, 3: +1 and +3. Test the values to find a first factor: P(1) = 0. 


Use synthetic division to find the other factors. 


Then, the remaining factor —x* + 4x — 3 can be factored as -(x — 1)(x — 3). 
So, h(x) =-(x — 1)’(x — 3). 


Use a table to organize information about the function. Then, use the information to 


sketch the graph. 


Degree 


3 


Leading Coefficient 


—l 


End Behaviour 


extends up into quadrant II and down into quadrant IV 


Zeros/x-Intercepts 


y-Intercept 


1 (multiplicity 2) and 3 
3 


Intervals Where the 
Function Is Positive 


or Negative 


positive values of f(x) in the intervals x < 1 and 1<x<3 
negative values of f(x) in the interval x > 3 


AGQ|= Ex? + Ske L 7x 8 
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e) The function g(x) = (x — 1)(x + 2)°(x + 3)’ is in factored form. 

Use a table to organize information about the function. Then, use the information to 
sketch the graph. 

Degree When the function is expanded, the exponent of the 
highest-degree term is 5. The function is of degree 5. 
Leading Coefficient When the function is expanded, the leading coefficient is 
1(1*)(1“) or 1. 


End Behaviour extends down into quadrant III and up into quadrant I 
Zeros/x-Intercepts —3 (multiplicity 2), —2 (multiplicity 2), and 1 
y-Intercept (0 —1)(0 + 2)°(0 + 3° = 36 


Intervals Where the | positive values of f(x) in the interval x > 1 
Function Is Positive | negative values of f(x) in the intervals x <—3, —3 <x <—2, and 
or Negative =—2 = 1 


: (x W(t +12)4(x b+ By? 


f) For P(x) =-x* — 2x° + 3x* + 4x — 4, the possible integral zeros of the polynomial are 
the factors of the constant term, —-4: +1, +2, and +4. Test these values to find a first factor: 
P(1) = 0. Use synthetic division to find the other factors. 


Repeat the process with the remaining factor —x° — 3x° + 4. Test factors of the constant 
term, 4: P(1) =0. 


x}-1 4 4 0 


Then, the remaining factor —x* — 4x — 4 can be factored as -(x + 2)’. 

So, fx) =-(« = 1)7°(« +2)’. 

Use a table to organize information about the function. Then, use the information to 
sketch the graph. 
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Degree 4 
Leading Coefficient | —1 


End Behaviour extends down into quadrant III and down into quadrant IV 
Zeros/x-Intercepts —2 (multiplicity 2) and 1 (multiplicity 2) 
y-Intercept —4 


Intervals Where the | positive values of f(x) in no interval 
Function Is Positive | negative values of f(x) in the intervals x <—2, —2 <x < 1, and 


or Negative Cae | 


Section 3.4 Page 149 Question 10 


a) Since the graph extends down into quadrant III and up into quadrant I, the sign of the 
leading coefficient is positive. The x-intercepts are —2 (multiplicity 3) and 3 (multiplicity 
2). The function is positive for values of x in the intervals —2 <x <3 and x > 3. The 
function is negative for values of x in the interval x <—2. The equation for the polynomial 
function is y = (x + 2)°(x — 3)’. 


b) Since the graph extends up into quadrant II and down into quadrant IV, the sign of the 
leading coefficient is negative. The x-intercepts are —4, —1, and 3. The function is positive 
for values of x in the intervals x <—4 and —1 <x <3. The function is negative for values 
of x in the intervals -4 <x <—1 and x > 3. The equation for the polynomial function is 
y=—-(xt+ 4x + 1) - 3). 


c) Since the graph extends down into quadrant HI and down into quadrant IV, the sign of 
the leading coefficient is negative. The x-intercepts are —2, —1, 2, and 3. The function is 
positive for values of x in the intervals —2 <x <—1 and 2 <x <3. The function is negative 
for values of x in the intervals x <—2, -1 <x <2, and x > 3. The equation for the 
polynomial function is y =—(x + 2)(x + 1)(x—2)(x — 3). 


d) Since the graph extends up into quadrant II and up into quadrant I, the sign of the 
leading coefficient is positive. The x-intercepts are —1, 1, and 3 (multiplicity 2). The 
function is positive for values of x in the intervals x <—1, 1 <x <3, and x > 3. The 
function is negative for values of x in the interval —1 <x < 1. The equation for the 
polynomial function is y = (x + 1)(x— 1)\(x- 3). 
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Section 3.4 Page 150 Question 11 


3 
a) Fory= (5 2) 3,a=1,b sh 2, and k=-3. 


b) a= 1: no vertical stretch 
b= ; : horizontal stretch by a factor of 2 


h = 2: horizontal translation of 2 units to the right 
k = -3: vertical translation of 3 units down 


c) The domain is {x |x € R} and the range is {y | y € R}. 
Section 3.4 Page 150 Question 12 
Solve 2100 = x(25x)(10x + 1) by graphing. 


The x-coordinate of the point of intersection is 2. 
So, the dimensions of the pool are 2 m by 50 m by 21 m. 


Inkersection 


n=c L W=c100 


Section 3.4 Page 150 Question 13 


The combined surface area of the pond and the boardwalk 
are given by SA = (30 + 2x)(40 + 2x). 
Solve 2000 = (30 + 2x)(40 + 2x) graphically. 
At the point of intersection, x = 5. 
The width of the boardwalk is 5 ft. 
Intersection 
n=& L Y=co00 


Section 3.4 Page 150 Question 14 


a) For a cubic function with zeros —3 (multiplicity 2) and 2 
and y-intercept —18, the corresponding factors are (x + 3)” 
and (x — 2) and a) = -18. 

Try an equation with just the factors: y = (x + 3)°(x — 2). 
Check the y-intercept. 

y=(0+3)'0-2) 

y=-18 

The equation with least degree is y = (x + 3)°(x —2). 


y 
y= & + 5) (x= 2) 
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b) For a quintic function with zeros —1 (multiplicity 3) and V 
2 (multiplicity 2) and y-intercept 4, the corresponding 
factors are (x + 1)° and (x —2)° and ap = 4. 

Try an equation with just the factors: y = (x + 1)°(x- 2). 
Check the y-intercept. 

y=(0+ 10-2)’ 

y=4 

The equation with least degree is y = (x + 1)°(x—2)’. 


ve w+ Ipa 2p 


c) For a quartic function with a negative leading 
coefficient, zeros —2 (multiplicity 2) and 3 (multiplicity 2) 
and a constant term of —6, the corresponding factors are 
(x + 2)° and (x —3)° and ap =-6. 

Try an equation with just the factors: y =—(x + 2° =a 
Check the constant term. 

y=—(0+ 2y'(0-3)° 

y=-36 


1 
To adjust the constant term, use a = P then ap =—6. 


The equation with least degree is y = -, (x + 2)°(x-3). 


Section 3.4 Page 150 Question 15 

The width of a rectangular prism is w. Then, the height 
is w — 2, the length is w+ 4, and V= 8(w + 4). 

Solve 8(w + 4) = w(w — 2)(w + 4) graphically. 


The dimensions of the prism are 4 cm by 2 cm by 8 cm. 


Intersection 
n=4" 


Section 3.4 Page 150 Question 16 


Let three consecutive odd numbers be represented by x, 
x+2,andx+4. 

Solve —105 = x(x + 2)(x + 4) graphically. 

The three integers are —7, —5, and —3. 


Intersection 
n=? 
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Section 3.4 Page 150 Question 17 


Let x represent the side length of the smaller cube. Then 5 — x represents the side length 
of the larger cube. 

Determine an expression for the exposed surface area. 

SAp = SAsg + SAr 

SA4p=5x°+ 5(5—xP—x° 

SAg = 4x* + 125 — 50x + 5x? 

SAg = 9x" — 50x + 125 

Solve 61 = 9x? — 50x + 125 graphically. 


Intersection 
n=< 


Since x represents the smaller cube, x = 2 is the only acceptable answer. 
The side length of the smaller cube is 2 m and the side length of the larger cube is 3 m. 


Section 3.4 Page 151 Question 18 


a) The area of the border can be modelled by the polynomial expression (x? — 12)? — x’. 


b) Solve 144 = (x* — 12) —x° graphically. 


The dimensions of Olutie’s wall hanging are 
5 in. by 5 in. 


c) The dimensions of the border are 13 in. by 13 in. 


Intersection 
n=e 
Section 3.4 Page 151 Question 19 


Let four consecutive integers be represented by x, x + 1,x +2, andx+ 3. 
Solve 840 = x(x + 1)(x + 2)(x + 3) graphically. 


Intersection Intersection 
He? Hey 


The four consecutive integers are —7, —6, —5, and -4 or 4, 5, 6, and 7. 
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Section 3.4 Page 151 Question 20 


For a cubic function with x-intercepts of V3 ,-V3, and | anda y-intercept of —1, the 
corresponding factors are x — V¥3,x+ ¥3,andx—1 and ay) =-1. 

Try an equation with just the factors: y = (x — A yx + 43 \(x — 1). 

Check the y-intercept. 

y=(0- ¥3)(0+ V3 )@-1) 

y=3 

The equation of the cubic function is y = 5 (x — “3 \(x + i \(x- 1). 


Section 3.4 Page 151 Question 21 


First, determine the actual roots of the equation 2x° + $y —234-—12=0, 


So, a=—-4, b=-0.5, and c =3. 
Then, a +b =-4.5, = 8, and ab =2. 


An equation with these roots is (x + 4.5)(x — 8)(x — 2) =0. 
Section 3.4 Page 151 Question 22 


a) I predict that the graph of b) 
y=(x—2) —(x—2) represents a 

horizontal translation by 2 units to the 

right of the graph of y=x° — x’. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 3 Page 44 of 76 


c:) y=xX-x y=(e-29-(@-27 


y=x(x-1) y=(x-27(@-2-1) 
0=x"(x- 1) y=(x-2)(x-3) 
x =0 or x—-1=0 0 =(x—2)°(x- 3) 
x=0 x=] (x-2/=0 or x-3=0 
The x-intercepts are 0 and 1. x=2 .=2 
The x-intercepts are 2 and 3. 
Section 3.4 Page 151 Question 23 
Use the information in the diagram and the Pythagorean 
theorem to determine an expression for a’ in terms of x: 
a’ = 2x —x°. Substitute the expression for a’ into 
Veup = (3a +x”). 
6 1 
ne : ; b—x 
Voy = — Ga" +x") —_ 
6 x 


1X 2 2 
i ra cea )+x°) 


LX 2 
Pig =p" ) 


2 
TUX 


re ae 


2 


Veap = Vaisp = = (3 x) 


1 
(3-X), Pouoy => Pauia > Where p represents density, and 


Then, substitute Vaisp = 4 


Tox 
3 


V, =5 a(t) into Py, 


ey = isp = PouoyY puoy 20d solve for x. 


PruiaY disp = Prd ode 


7x? 1 4m > 
Pras 3 (3 4 Pa (Zo 


mx’ (3-x)=n2 
3x°-x7 =1 


x -3x°+1=0 


; : Zara 
Graph the corresponding function and H=.BberOs64 [=O 
determine the value of the zero that 
makes sense in this case. So, x ~ 0.65. 


The buoy sinks to a depth of approximately 0.65 m. 
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Section 3.4 Page 152 Question C1 


Example: It is easier to identify the zeros when a polynomial is in factored form. For 
example, 
y =(x— 1)(x + 2)(x +4) instead of y =x? + 5x° + 2x- 8. 


Section 3.4 Page 152 Question C2 


A root of an equation is a solution of the equation. A zero of a function is a value of 
x for which f(x) = 0. An x-intercept of a graph is the x-coordinate of the point where a line 
or curve crosses or touches the x-axis. They all represent the same value for x. 


Section 3.4 Page 152 Question C3 


Example: If the multiplicity of a zero is 1, the graph crosses the x-axis at that value. If the 
multiplicity of a zero is even, the graph only touches the x-axis at that value. The shape of 
a graph close to a zero of x = a (multiplicity n, where n is an odd number greater than 1) 
is similar to the shape of the graph of a function with degree equal to n of the form 


y=(x-a)". 


Section 3.4 Page 152 Question C4 


Step 1 Set A 


a) The graph of y=x° + kis translated vertically k units compared to the graph of y =x". 
For example, y = x° + 3 is translated vertically 3 units compared to the graph of y =x". 
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b) The graph of y = (x —/h)’ is translated horizontally h units compared to the graph 
of y= x". For example, y = (x + 2)’ is translated horizontally 2 units to the left compared 
to the graph of y =x". 


Step 2 In functions of the form y = a(b(x — h))" + k, parameter / represents any 
horizontal translation while parameter & represents any vertical translation. 


Step 3 Set C 


a) The graph of y = ax’ is stretched vertically by a factor of |a| relative to the graph of 
y=x°. When a is negative, the graph is reflected in the x-axis. 


b) When the value of a is —1 <a <0 or 0<a <1, the graph of y = ax’ is stretched 
vertically by a factor of |a| relative to the graph of y = x*. When a is negative, the graph is 


reflected in the x-axis. 


Step 4 Set E 
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a) The graph of y = (bx)’ is stretched horizontally by a factor of ni relative to the graph 


of y= x°. When b is negative, the graph is reflected in the y-axis. 


b) When the value of b is -1 <b <0 or 0<b <1, the graph of y = (bx)* is stretched 
horizontally by a factor of i relative to the graph of y = x*. When b is negative, the 


graph is reflected in the y-axis. 


Step 5 In functions of the form y = a(b(x — h))" + k, parameter a represents any vertical 
stretch and/or reflection in the x-axis while parameter 5 represents any horizontal stretch 
and/or reflection in the y-axis. 


Chapter 3 Review 


Chapter 3 Review Page 153 Question 1 


a) The function y= Vx+1 isa radical function, not a polynomial function. 
1 


Vx +1 is the same as (x +1)?, which has an exponent that is not a whole number. 


b) The function f(x) = 3x‘ is of the form g(x) = aax* + agx? + anx” + ax + ao. 
It is a polynomial of degree 4. The leading coefficient is 3 and the constant term is 0. 


c) The function g(x) =-3x° — 2x” + x is of the form g(x) = a3x° + aox* + ax + ao. 
It is a polynomial of degree 3. The leading coefficient is —3 and the constant term is 0. 


d) The function y = > + 7 is of the form g(x) = a,x + ao. 


It is a polynomial of degree 1. The leading coefficient is ; and the constant term is 7. 
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Chapter 3 Review Page 153 Question 2 


a) The function s(x) =x* — 3x° + 5x is a quartic (degree 4), which is an even-degree 
polynomial function. Its graph has a maximum of four x-intercepts. Since the leading 
coefficient is positive, the graph of the function opens upward, extending up into 
quadrant II and up into quadrant I, and has a minimum value. The graph has a y-intercept 
of 0. 


b) The function p(x) =-x* + 5x” —x + 4 is a cubic (degree 3), which is an odd-degree 
polynomial function. Its graph has at least one x-intercept and at most three x-intercepts. 
Since the leading coefficient is negative, the graph of the function extends up into 
quadrant II and down into quadrant IV. The graph has no maximum or minimum values. 
The graph has a y-intercept of 4. 


c) The function y = 3x — 2 is linear (degree 1), which is an odd-degree polynomial 
function. Its graph has one x-intercept. Since the leading coefficient is positive, the graph 
of the function extends down into quadrant III and up into quadrant I, and has a no 
maximum or minimum value. The graph has a y-intercept of —2. 


d) The function y = 2x° — 4 is a quadratic (degree 2), which is an even-degree polynomial 
function. Its graph has a maximum of two x-intercepts. Since the leading coefficient is 
positive, the graph of the function opens upward, extending up into quadrant II and up 
into quadrant I, and has a minimum value. The graph has a y-intercept of -4. 


e) The function y = 2x° — 3x° + 1 is a quintic (degree 5), which is an odd-degree 
polynomial function. Its graph has at least one x-intercept and at most five x-intercepts. 
Since the leading coefficient is positive, the graph of the function extends down into 
quadrant II and up into quadrant I. The graph has no maximum or minimum values. The 
graph has a y-intercept of 1. 


Chapter 3 Review Page 153 Question 3 
a) The function A(t) = 11 500 — 16? is a quadratic function (degree 2). 


b) Substitute t= 12. 

A(12) = 11 500 — 16(12)° 

h(12) = 9196 

The parachutist’s height above the ground after 12 s will be 9196 ft. 


c) Solve 1500 = 11 500 — 16f graphically. 
The parachutist will be 1500 ft above the ground 
after 25 s. 


Intersection 
Hace 


V=LEOn 
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d) Solve 0 = 11 500 — 16¢° graphically. 
The parachutist will reach the ground after 
approximately 26.81 s. 


fara 
n=ce.BO9Sis =n 


Chapter 3 Review Page 153 Question 4 


a) P(x) =x° + 9x? — 5x +3 
P(2) = 2° + 9(2) —5(2) +3 
P(2)=8+36-10+3 
P(2) =37 
The remainder when x° + 9x” — 5x + 3 is divided by x — 2 is 37. 


For (x° + 9x? — 5x +3) +(x—2),x#2. 
x° +11x+17 
x—2)x° +9x* —5x43 
aes 
11x? —5x 
Lix* —22% 
17x+3 
17x -34 
37 


3 2 
x +9x ao ee oe ee ee 37 
x-2 x- 


b) P(x) =2x3+x°-2x4+1 
P(-l) = 2(-1° + (1-2-1) + 1 
P(-1)=-2+1+2+1 
PEI)=2 
The remainder when 2x° + x* — 2x + 1 is divided by x + 1 is 2. 


For (2x° +x? -—2x + 1)+(x+1),x#-1. 
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9) 2 
x -x-l1 
x+l)2x? +x" —2x+1 


2x +2x* 
ag a Oy 
ae —Xx 
—-x+l1 
ol 
2 
ax ae ee 14 


c) P(x) = 12x° + 13x* - 23x +7 
P(1) = 12(1)° + 13(1)? — 23(1) +7 
PQ) =12+13-23+7 
Puy=9 


The remainder when 12x? + 13x” — 23x + 7 is divided by x — 1 is 9. 


For (12x? + 13x? — 23x +7) +(x—1),x#1. 


12x? +13x” —23x+7 


Api Sih h. 
x-l x-l1 


d) Ensure the polynomial is written in descending powers of x: —8x* + 10x° — 4x + 15. 


P(x) =—8x* + 10x? — 4x + 15 

P(-1) =-8(-1)* + 10(-1)° — 4(-1) + 15 
P(-1)=-8—10+4+ 15 

P(-l1)=1 


The remainder when —8x* + 10x° — 4x + 15 is divided by x + 1 is 1. 


For (—8x* + 10x? — 4x + 15) +(x +1), x#-1. 
+1] -8 10 G¢ =< 1 
= 8 18 -18 14 


x | —8 18 —-18 14 1 


— —_ , 
8x" —4x+10x +15 _ 8x3 418%? 1844144 


xt+l1 xt+l1 
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Chapter 3 Review Page 153 Question 5 


a) Solve P(3) =—14 to determine the value of k. 
fc) =x" + koe - 3x -—5 
14 = 34+ kBy — 3(3)-—5 
—-14=81+27k-9-5 
—81 = 27k 
=-3 


b) Evaluate f(-3). 
fx) = a ee 
f-3) = (-3)'- 3-3)" - 3-3) - 5 
fi-3) = 81+ 81+9-5 
Ji-3) = 166 


The remainder when x* + kx* — 3x —5 is divided by x + 3 is 166. 


Chapter 3 Review Page 153 Question 6 


First, determine an expression for P(1) and P(-3). 


P(x) = 4x° — 3x? + bx + 6 P(x) = 4x° — 3x? + bx + 6 

P(1) =4(1)° —3(1)? + B(1) + 6 P(-3) = 4(-3) — 3(-3)° + b(-3) + 6 
P(1)=4-3+5+6 P(-3) = -108 —27—3b +6 
P()=b+7 P(-3) =-3b — 129 


Then, solve P(1) = P(—3) to determine the value of b. 
b+7=-3b— 129 
4b =-136 
b=-34 


Chapter 3 Review Page 153 Question 7 


a) Evaluate P(1). 

P(x) =x° —x’ — 16x + 16 

P(1) = 1 -1°- 16(1) + 16 

P()=1-1-16+ 16 

P(1)=0 

Since the remainder is zero, x — 1 is a factor of P(x). 


b) Evaluate P(-1). 

P(x) =x° —x’ — 16x + 16 
PEeD=Cly -Gly —16U) +16 
P(-1) =-1-1+ 16+ 16 
P(-1) = 30 


Since the remainder is not zero, x + 1 is not a factor of P(x). 


MRR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 3 


Page 52 of 76 


c) Evaluate P(-4). 

P(x) =x° —x° — 16x + 16 

P(-4) = 4)’ - 4)’ = 16(-4) + 16 

P(-4) =-64- 16+ 64+ 16 

P(-4) =0 

Since the remainder is zero, x + 4 is a factor of P(x). 


d) Evaluate P(4). 

P(x) =x — x’ — 16x + 16 

P(4) = 4° — 4? — 16(4) + 16 

P(1) = 64- 16-64 + 16 

P(1)=0 

Since the remainder is zero, x — 4 is a factor of P(x). 


Chapter 3 Review Page 153 Question 8 
a) For P(x) =x° — 4x° + x + 6, the possible integral zeros of the polynomial are the 


factors of the constant term, —6: +1, +2, +3, and +6. Test these values to find a first factor: 
P(-1) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x° — 5x + 6 can be factored as (x — 2)(x — 3). 
So, P(x) = (x + 1)(x — 2) — 3). 


b) P(x) =—4x? — 4x” + 16x + 16 can be factored by grouping. 
P(x) =—4x° — 4x° + 16x + 16 

P(x) =—4x°(x + 1) + 16(x + 1) 

P(x) = (x + 1)(4x’ + 16) 

P(x) =-4(x + 1)? — 4) 

P(x) =—-4(x + 1) — 2)(x + 2) 


c) For P(x) =x* — 4x° —x* + 16x — 12, the possible integral zeros of the polynomial are 
the factors of the constant term, —12: +1, +2, +3, +4, +6, and +12. Test these values to 
find a first factor: P(1) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x° — 3x” 4x + 12 can be factored by grouping as 
(x — 3)(x? — 4). 
So, P(x) = (x — 1)(x— 3) — 2)(x + 2). 
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d) For P(x) =x° — 3x" —5x° + 27x° — 32x + 12, the possible integral zeros of the 
polynomial are the factors of the constant term, 12: +1, +2, +3, +4, +6, and +12. Test 
these values to find a first factor: P(1) = 0. Use synthetic division to find the other 
factors. 


—l} 1 —3 —5 ai =22 12 
= —| 2 7 -—20 12 


Repeat the process with the remaining factor x* — 2x° — 7x° + 20x — 12. Test factors of the 
constant term, —12: P(2) =0. 


Repeat the process with the remaining factor x° — 7x + 6. Test factors of the constant 
term, 6: P(1) = 0. 


Then, the remaining factor x° + x—6 can be factored as (x + 3)(x — 2). 
So, P(x) = (x — 1)°(x — 2)°(x + 3). 


Chapter 3 Review Page 154 Question 9 
a) For V(x) = 2x° + 7x° + 2x — 3, the possible integral zeros of the polynomial are the 


factors of the constant term, —3: +1 and +3. Test these values to find a first factor: 
P(-1) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor 2x* + 5x — 3 can be factored as (2x — 1)(x + 3). 
So, V(x) = (x + 1)(2x — 1)(x + 3). 
The possible dimensions of the block, in metres, are (x + 1) by (2x — 1) by (x + 3). 


b) When x = 1, the possible dimensions are 2 m by 1 m by 4m. 
Chapter 3 Review Page 154 Question 10 


Solve P(-3) = 0 to determine the value(s) of k. 
P(x) =x" + 4x? — 2k +3 
0=(-3) +403) — 2k(-3) +3 
0 =-27+ 36 +6k+3 
—12 =6k 
=-2 
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Chapter 3 Review Page 154 Question 11 


a) The function y = (x + 1)(x — 2)(x + 3) is in factored form. 
* So, the x-intercepts of the graph are —1, 2, and —3. 

¢ The function is of degree 3 and the leading coefficient is positive. The graph of the 
function extends down into quadrant III and up into quadrant I. 

¢ The zeros are —1, 2, and —3, each of multiplicity 1. 

¢ The y-intercept is (0 + 1)(0 — 2)(0 + 3), or -6. 

* Use the end behavior and multiplicity of the zeros. The graph 
begins in quadrant III, passes through x = —3 to above the x-axis, 
down through x = —1 to under the x-axis, passes through the y- 
intercept and through x = 2 upward into quadrant I. The function 
is positive for values of x in the intervals —-3 <x <-—1 andx> 2. 
The function is negative for values of x in the intervals x <—3 
and—-1<x<2. 


b) The function y = (x — 3)(x + 2)’ is in factored form. 
* So, the x-intercepts of the graph are —2 and 3. 

¢ The function is of degree 3 and the leading coefficient is positive. The graph of the 
function extends down into quadrant III and up into quadrant I. 

¢ The zeros are —2 (multiplicity 2) and 3 (multiplicity 1). 
¢ The y-intercept is (0 — 3)(0 + 2)’, or -12. 

* Use the end behavior and multiplicity of the zeros. The 
graph begins in quadrant III, touches the x-axis at x = —2, 
goes down through the y-intercept and back up passing 
through x = 3 upward into quadrant I. The function is 
positive for values of x in the interval x > 3. The function 
is negative for values of x in the intervals x <—2 and 
—2t xe 3. 


lv = (x 4 3x 2° 


c) Factor the polynomial expression x* — 16x”. 
g(x) = x" — 16x 

g(x) =x°(x° — 16) 

Bx) = x(a —4)(x + 4) 

* So, the x-intercepts of the graph are 0, 4, and -4. 
* The function is of degree 4 and the leading coefficient is positive. The graph of the 
function extends up into quadrant II and up into quadrant I. 

¢ The zeros are 0 (multiplicity 2) and 4 and -4, each of multiplicity 1. 

* The y-intercept is ao, or 0. 

* Use the end behavior and multiplicity of the zeros. The 
graph begins in quadrant II, passes through x = -4 to below 
the x-axis, touches the x-axis at x = 0, passes through 

x = 4 upward into quadrant I. The function is positive for 
values of x in the intervals x <—4 and x > 4. The function is 
negative for values of x in the intervals -4 < x < 0 and 
0<x<4. 
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d) Factor the polynomial expression —x° + 16x. 


g(x) = -x° + 16x 
g(x) =-x(x" - 16) 


g(x) = x(x" — 4)? + 4) 


B(x) = —x(x — 2)(x + 2)0° + 4) 
* So, the x-intercepts of the graph are 0, 2, and —2. 
* The function is of degree 5 and the leading coefficient is 


negative. The graph of the function extends up into 
quadrant IT and down into quadrant IV. 
¢ The zeros are 0, 2, and —2, each of multiplicity 1. 


* The y-intercept is ao, or 0. 


* Use the end behavior and multiplicity of the zeros. The 
graph begins in quadrant II, passes through x = —2 to 
below the x-axis, passes through x = 0 to above the 
x-axis, and passes through x = 2 downward into quadrant 
IV. The function is positive for values of x in the intervals 
x <—2 and 0 <x <2. The function is negative for values 


of x in the intervals —2 <x <0Oandx>2. 


Chapter 3 Review Page 154 


Question 12 


a) Compare the functions y = 2(—4(x — 1))? + 3 and y = a(b(x — h))" + k to determine the 


values of the parameters. 


: 1 Re ; 
b =—4 corresponds to a horizontal stretch of factor a and a reflection in the y-axis. 


a= 2 corresponds to a vertical stretch of factor 2. 
h= 1 corresponds to a translation of 1 unit to the right and 4 = 3 corresponds to a 


translation of 3 units up. 


b) 
Transformation parameter Equation 
Value 
horizontal stretch/ = 3 
reflection in the y-axis = 2 
vertical stretch/ = 3 
reflection in the x-axis 2 es sie: 
translation left/right 1 y=2U(A4AC- Dy 
Translation up/down 3 y=2(-4x- ly +3 
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c) 


v= eG4e + IPF 3 


Chapter 3 Review Page 154 Question 13 


a) Since the graph extends down into quadrant III and up into quadrant I, the sign of the 
leading coefficient is positive. The x-intercepts are —3 (multiplicity 2) and —1. The 
function is positive for values of x in the interval x > —1. The function is negative for 
values of x in the intervals x <—3 and —3 <x <-—1. The equation for the polynomial 
function is y = (x + 3)°(x + 1). 


b) Since the graph extends down into quadrant III and down into quadrant IV, the sign of 
the leading coefficient is negative. The x-intercepts are —1 and 2 (multiplicity 3). The 
function is positive for values of x in the interval —1 <x < 2. The function is negative for 
values of x in the intervals x <—1 and x > 2. The equation for the polynomial function is 
y=—et IN@-2)". 


Chapter 3 Review Page 154 Question 14 


a) For a quartic function with zeros —2, —1, and 3 (multiplicity 2), the corresponding 
factors are (x + 2), (x + 1), and (x — 3)’. 

Example: Two equations that satisfy this condition are: y = (x + 2)(x + 1)\(x- 3) and 
yHAEt+ DE + NO-3y. 


b) Determine the value of a so that the graph of y = a(x + 2)(x + 1)(x- 3) passes 
through the point (2, 24). 
24 = a(2 + 2)(2 + 1)(2-3) 
24 = a(4)(3)(1) 
24 = 12a 
a=2 
So, the equation of the function that satisfies these conditions is 
y=2xt+ 2x t Ix—3Y. 


Chapter 3 Review Page 154 Question 15 


a) Let x represent the length of the cardboard box. Then, the width is x — 5, the height is 
2x, and the equation for the volume is V(x) = x(x — 5)(2x). 
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b) Solve 384 = x(x — 5)(2x) graphically. 


The dimensions of the box are 8 cm by 3 cm by 16 cm. 


Intersection 
n=B oC 


Y==84 


Chapter 3 Practice Test 

Chapter 3 Practice Test Page 155 Question 1 

Odd-degree polynomials have at least one x-intercept. So, choice C is true. 
Chapter 3 Practice Test Page 155 Question 2 


Evaluate P(1). 

P(x) = 3x° + 4x" + 2x -9 

P(1) =3(1)° + 4(1)? + 2(1) -9 

P0)=3+4+2-9 

P(A) =0 

Since the remainder is zero, x — | is a factor of P(x) and statement B is true. 


Chapter 3 Practice Test Page 155 Question 3 


For P(x) = x* — 2x? — 7x° — 8x + 12, the possible integral zeros of the polynomial are the 
factors of the constant term, 12: +1, +2, +3, +4, +6, and +12. Choice D is correct. 


Chapter 3 Practice Test Page 155 Question 4 


Consider A: Evaluate P(1). 

P(x) = 2x° — 5x* —9x + 18 

P(1) = 201 —5(1)° — 9(1) + 18 

P(A) =2-5-9+18 

P(1)=6 

Since the remainder is not zero, x — | is not a factor of P(x). 


Consider B: Evaluate P(—2). 

P(x) = 2x? — 5x? — 9x + 18 

P(-2) = 2(-2)° — 5(-2)° — 9(-2) + 18 

P(-2) =-16—20+ 18+ 18 

P(-2)=0 

Since the remainder is zero, x + 2 is a factor of P(x). 
Choice B is correct. 
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Chapter 3 Practice Test Page 155 Question 5 


3 
For y= a(40 5) 2,a=3,b . ,4=5, and k =-2. To obtain this graph, the graph 


of y =x° will be vertically stretched by a factor of 3, horizontally stretched by a factor of 
4, and translated 5 units to the right and 2 units down: choice C. 


Chapter 3 Practice Test Page 155 Question 6 


a) (x + 4)°(x-3) =0 b) (x—3)(« + 1) =0 
x+4=0 or x-3=0 x-3=0 or x+1=0 
x=-4 x=3 x=3 x=-l 
ce) (4x°— 16)(x? — 3x — 10) =0 d) (9x* — 81)(x* —9) =0 
A(x — 2)(x + 2)(x — 5)(Qx + 2) =0 I(x — 3) + 3) — 3)(x + 3) = 0 
x—-2=0 or x+2=0 or x-5=0 x-3=0 or x+3=0 
x=2 x=—2 x=5 x=3 x=-3 
Chapter 3 Practice Test Page 155 Question 7 


a) For P(x) =x° + 4x° + 5x + 2, the possible integral zeros of the polynomial are the 
factors of the constant term, 2: +1 and +2. Test these values to find a first factor: 
P(-1) = 0. Use synthetic division to find the other factors. 


+1] 1 4 ) 2 
= 1 3 2 


x} 1 3 2 0 


Then, the remaining factor x” + 3x + 2 can be factored as (x + 2)(x + 1). 
So, P(x) = (x + 1)°(x + 2). 


b) For P(x) =x° — 13x” + 12, the possible integral zeros of the polynomial are the factors 
of the constant term, 12: +1, +2, +3, +4, +6, and +12. Test these values to find a first 
factor: P(1) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x° — 12x — 12 cannot be factored. 
So, P(x) = (« — 1)(x? — 12x — 12). 


c) P(x) =x? + 6x? — 9x 
P(x) = x(x? — 6x — 9) 
P(x) =-x(x - 3) 
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d) For P(x) =x° —3x° +x +5, the possible integral zeros of the polynomial are the 
factors of the constant term, 5: +1 and +5. Test these values to find a first factor: 
P(-1) = 0. Use synthetic division to find the other factors. 


+1] 1 —3 1 5 


Then, the remaining factor x° — 4x + 5 cannot be factored. 
So, P(x) = (x + IQ? — 4x +5). 


Chapter 3 Practice Test Page 156 Question 8 
a) For P(x) =x" + 3x° — 3x" — 7x + 6, the possible integral zeros of the polynomial are the 


factors of the constant term, 6: +1, +2, +3, and +6. Test these values to find a first factor: 
P(1) = 0. Use synthetic division to find the other factors. 


x1] 4 1 —6 0 


Repeat the process with the remaining factor x° + 4x” + x — 6. Test factors of the constant 
term, —6: P(1) = 0. 


x1] 5 6 0 


Then, the remaining factor x” + 5x + 6 can be factored as (x + 2)(x + 3). 
So, y = (x + 1)°(x + 2)(x + 3). 


Use a table to organize information about the function. Then, use the information to 
sketch the graph. 


Degree 4 
Leading Coefficient | 1 
End Behaviour extends up into quadrant II and up into quadrant I 
Zeros/x-Intercepts —1 (multiplicity 2), —-2, and —3 
y-Intercept 6 
Intervals Where the | positive values of y in the intervals x <—3, —-2 <x <-—l, and 
Function Is Positive | x > —1 
or Negative negative values of y in the interval —3 < x <—2 
This matches graph B. 


b) y=x— 4x" + 4x 
y= x(x —4x + 4) 
Y=e=2). 


Use a table to organize information about the function. Then, use the information to 
sketch the graph. 
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Degree 


3 


Leading Coefficient 


1 


End Behaviour 


extends down into quadrant III and up into quadrant I 


Zeros/x-Intercepts 


0 and 2 (multiplicity) 


y-Intercept 


0 


Intervals Where the 
Function Is Positive 
or Negative 


positive values of f(x) in the intervals 0 <x <2 and x>2 
negative values of f(x) in the interval x < 0 


This matches graph C. 


ce) y=—2x° + 6x? + 2x -6 
y =-2x°(x — 3) + 2(x - 3) 


y=-2@-3)@"- 1) 


y=-2(x-3)(x- lat 1) 
Use a table to organize information about the function. Then, use the information to 


sketch the graph. 


Degree 


3 


Leading Coefficient 


—2 


End Behaviour 


extends up into quadrant II and down into quadrant IV 


Zeros/x-Intercepts 


—l, 1, and 3 


y-Intercept 


—6 


Intervals Where the 
Function Is Positive 
or Negative 


positive values of f(x) in the intervals x <—1 and 1<x<3 
negative values of f(x) in the intervals —1 <x <1 and x >3 


This matches graph A. 


Chapter 3 Practice Test 


Page 156 Question 9 


a) The volume of the box is given by V(x) = x(20 — 2x)(18 — x). 


b) Solve 512 = x(20 — 2x)(18 — x) graphically. 


Intersection 
n=e L 


Y=E1lec 


Intersection 
H=L8.402124 P=FLz 


Intersection 
H=B.EOGEPSH Y=F1z 


The possible whole-number dimensions of the box are 2 cm by 16 cm by 16 cm. 
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Chapter 3 Practice Test Page 156 Question 10 


a) Compare the functions y = aC +3) —2 and y =a(b(x —h))" + k to determine the 


values of the parameters. 
b= 1 corresponds to no horizontal stretch. 


1 ; 1 
a= 5 corresponds to a vertical stretch of factor ai 


h =—3 corresponds to a translation of 3 units to the left and k = —2 corresponds to a 
translation of 2 units down. 


b) The domain is {x | x € R} and the range is {y| y € R}. 


c) 


Cumulative Review, Chapters 1-3 


Cumulative Review Page 158 Question 1 

a) For the graph of y + 2 = f(x — 3), b) For the graph of y + 1 =-/(x), reflect 
translate the graph of y= /{x) right 3 units —_— the graph of y = f(x) in the x-axis and 
and down 2 units. translate down | unit. 
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c) Rewrite y = f(3x + 6) asy=f(3(x+2)). —_b) For the graph of y = 3f(—»), stretch the 
For the graph of y= (3(x + 2)), stretch the — graph of y = f(x) vertically by a factor of 3 
graph of y = f(x) horizontally by a factor of and reflect in the y-axis. 


; and translate left 2 units. 


Cumulative Review Page 158 Question 2 


Locate key points on the graph of f(x) and their image points on the graph of g(x). 

(-2, 4) — (1, 0) 

(0, 0) = (3, 4) 

(2, 2) — (5, 0) 

The orientation is unchanged, the graph has not been reflected. 

The overall width or height have not changed, so the graph has not been stretched. Since 
the point (0, 0) is not affected by stretches, the graph has been translated 3 units to the 
right and 4 units down. 

So,a=1,b=1,h=3, k =—-4, and the equation of the transformed graph is 


yt+4=fix- 3). 


Cumulative Review Page 158 Question 3 


a) For g(x) =f(x+ 1)—5,a=1, b= 1, h=-1, and k =-—5S. The graph of y = f(x) is 
translated 1 unit to the left and 5 units down. 


b) For g(x) =—3(x— 2), a=-3, b= 1, h =2, and k= 0. The graph of f(x) =x’ is 
vertically stretched about the x-axis by a factor of 3, reflected in the x-axis, and then 
translated 2 units to the right. 


c) Rewrite g(x) = |-x + 1] +3 as g(x) = H{x- 1)| +3. 
For g(x) = H(x—-1)]) +3, a= 1,b=-1,h=1, and k=3. The graph of f(x) = |x| is reflected 
in the y-axis and then translated | unit to the right and 3 units up. 
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Cumulative Review Page 158 


Question 4 


a) For h(x) =f(x-3)+1,a=1,b=1,h=3, andk=1. Use the mapping 
(x, v) — (x +3, y + 1). So, the key point (6, 9) becomes the image point (9, 10). 


b) For i(x) =—2f(x), a 


25D 


1,4 =0, and k = 0. Use the mapping (x, y) — (x, —2y). 


So, the key point (6, 9) becomes the image point (6, —18). 


c) For j(x) = f(-3x), a= 1, b =-3,h=0, and k= 0. Use the mapping (x, y) > [-F »). 


So, the key point (6, 9) becomes the image point (—2, 9). 


Cumulative Review Page 158 


Question 5 


a) For y = f(x), a= 1, b =3,h =0, and k = 0. Use the mapping (x, y) > [sx ») : 


Key Point Image Point 
4,0 4 0| 
(+, 0) a 
(6, 0) (2, 0) 
(0, —3) (0, —3) 

b) For y =—2f(x), a=-2, b 
Key Point Image Point 
(+4, 0) (-4, 0) 
(6, 0) (6, 0) 

(0, —3) (0, 6) 


Cumulative Review Page 158 


a) Since the graph of y = |x| + 4 passes 
the vertical line test, it is a function. 


b) Reflect the graph of y = |x| + 4 in the 


line y =x. 


1,4 =0, and k = 0. Use the mapping (x, y) — (x, —2y). 


Question 6 


c) The graph of the inverse is not a function, since it fails the vertical line test. 
Example: A restricted domain for which the function has an inverse that is also a function 
is the right side of the V-shape: {x |x>0,x € R}. 
fx) = |x| +4, x>0 and f'(x) =x-4,x>4 
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Cumulative Review Page 158 Question 7 


Compare key points on the graph of y = Vx and their image points on the given graph. 
(0, 0) — (-2, -3) 

(4, 2) — (0, -1) 

The overall width has changed, so the graph has been horizontally stretched by a factor of 


: . From the endpoint, the graph has been translated 2 units to the left and 3 units down. 


So,a=1,b=2,h=-2, k =-3, and the equation of the transformed graph is 
y= f2(x+2)-3. 


Cumulative Review Page 158 Question 8 


For a vertical stretch by a factor of 2, horizontal reflection in 
the y-axis, and a horizontal translation of 1 unit to the left, 
a=2,b=-1,h=-1, k=0, and the equation of the 


transformed function is y= 2,/-(x+1). 


domain {x |x<-—l,x € R} 
range {v|y>0,y € R} 


Cumulative Review Page 159 Question 9 


a) Compare key points on the graph of f(x) and their image points on the given graph if 
g(x) is a horizontal stretch of f(x). 

(0, 0) — (0, 0) 

(9, 3) > 1, 3) 

The overall width has changed, so the graph has been horizontally stretched by a factor of 


7 So, a= 1,b=9, h=0, k= 0, and the equation of the transformed graph is 


g(x) = V9x . 


b) Compare key points on the graph of y = Vx and their image points on the given 
graph if g(x) is a horizontal stretch of f(x). 

(0, 0) — (0, 0) 

(1, 1) d, 3) 

The overall height has changed, so the graph has been vertically stretched by a factor of 
3. So,a=3,b=1,h=0, k =0, and the equation of the transformed graph is g(x) = 3Vx . 


c) The equations from parts a) and b) are equivalent. 


g(x) = V9x 
g(x) = Jove 
g(x) = 3x 
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Cumulative Review Page 159 Question 10 


a) The x-intercepts of both graphs are —1 and 1. This is 
because points where f(x) = 0 are invariant. 


b) For fix) =x" — 1, the domain is {x |x € R} and the 
range is {vy| y>—l,y € R}. For g(x) = f(x), the 
domain is {x |x <—l orx>1,x € R}, and the range 

is {vy|y=-l, vy € R}. The domain is restricted for g(x) 
because it is a radical function. 


Cumulative Review Page 159 Question 11 


a) For 2x =V¥x+3-—5S, the restrictions on the variable are x >—3. 
2x =vx+3-5 
2x+5=Vx+3 
4x? +20x+25=x+3 
4x? +19x+22=0 
(4x+11)(x+2)=0 
4x+11=0- or x+2=0 
4x=-11 x=- 
x= a or —2.75 
4 
Check. Substitute x =—2.75 and x = —2 into the original equation to identify 


any extraneous roots. 

Left Side Right Side Left Side Right Side 
2x V¥x+3-5 2x V¥x+3-5 
= 2(-2.75) = J/-2.75+3-5 = 2(-2) = J-2+3-5 

=—5,5 =—4,5 _ _ 
Left Side 4 Right Side Left Side = Right Side 
Ron is incorrect, x =—2.75 does not check. The solution is x = —2. 


b) The solution is x = —2. 


Intersection 
=e Of 


MRR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 3 Page 66 of 76 


Cumulative Review Page 159 Question 12 


a) The x-intercept is 8. b) 0=3Vx-4-6 
6=3vx-4 
2=Vx-4 
4=x-4 
x=8 


c) The solutions or roots of a radical equation are equivalent to the x-intercepts of the 
graph of the corresponding radical function. 


Cumulative Review Page 159 Question 13 


a) 


x —x7? +x4+2 


x+1)x* —0x? -0x? +3x+4 


ae 
we = Ox" 
3 2 
—x -x 
x’ +3x 
4x 
2x+4 
2x+2 
2 
4 
ROSE a oP a ayy. 20 
x+1 xt+1 


P(x)=x'+3x+4 
P(-1)=(-1)*+ 3-1) +4 
P(-1)=1-3+4 
P(-1)=2 
The remainder when x* + 3x + 4 is divided by x + 1 is 2. 
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b) 
x? +2x-5 
x+3)x°+5x°+x-9 


£23x- 
Ix ex 
2x° +6x 
—5x-9 
—5x—15 
+6 
x+5x°+x-9 © 6 


=%" + 24-5 4+— — 
x+3 x+3 


P(x) Hx t 5x7? +x-9 
P(-3) = C3) + 503 +3) -9 
=—27+ 45 -3-—9 
=6 
The remainder when x° + 5x” + x — 9 is divided by x — 3 is 6. 


Cumulative Review Page 159 Question 14 


For P(x) =x" — 3x° — 3x° + 11x — 6, the possible integral zeros of the polynomial are the 
factors of the constant term: —6: £1, +2, +3, and +6. 


P(x) =x" — 3x9 — 3x" + 11x —6 P(x) = x4 — 3x7 — 3x + 11x —6 

P(1) = 14-30 -3(1)° + 11(1) - 6 P(-1) = (-1)* -3(-1)° - 3(-1)? + LI1C-1) - 6 
P(1)=1-3-3+ 11-6 P(-1)=1+3-3-11-6 

P(1)=0 P(-1) =-16 

The remainder when x‘ — 3x° — 3x° +. 11x—6 The remainder when x* — 3x° — 3x7 + 1lx—6 
is divided by x — 1 is 0. is divided by x + 1 is —16. 

P(x) = x4 — 3x? — 3x + 1lx—6 P(x) =x* — 3x? — 3x + 11x —6 

P(2) = 2* -3(2)' —3(2)° + 11(2) -6 P(-2) = (-2)* -3(-2y° - 3(-2) + 11(-2) - 6 
P(2) = 16—-24-12+22-6 P(-2)= 16+ 24-12-22-6 

P(2)=-4 P(-2)=0 

The remainder when x* — 3x° — 3x7 + 11x—6 The remainder when x* — 3x° — 3x7 + 1lx—6 
is divided by x — 2 is -4. is divided by x +2 is 0. 

P(x) =x' — 3x9 — 3x + 11x —6 P(x) =x' — 3x? — 3x° + 1lx—6 

PB) = 34-3) —36) + 113)-6 P(-3) = (-3)* —3(-3)° — 3(-3)° + 11(-3) — 6 
P(B) =81—81—27+ 33-6 P(-3) = 81 +81 —27—33 —6 

PB) =0 P(-3) = 96 

The remainder when x* — 3x° — 3x7 + 11x—6 The remainder when x* — 3x° — 3x7 + 1lx—6 
is divided by x — 3 is 0. is divided by x + 3 is 96. 
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P(x) =x" — 3x7 — 3x7 + 11x 6 P(x) =x* — 3x? — 3x? + 11x —6 


P(6) = 6' — 3(6)° — 3(6)? + 11(6) — 6 P(-6) = (—6)* — 3(-6)° — 3(-6)” + 11(-6) — 6 
P(6) = 1296 — 648 — 108 + 66 — 6 P(—6) = 1296 + 648 — 108 — 66 —6 

P(6) = 600 P(-6) = 1764 

The remainder when x* — 3x° — 3x7 + 11x—6 The remainder when x* — 3x° — 3x* + 1lx—6 
is divided by x — 6 is 600. is divided by x + 6 is 1764. 

Cumulative Review Page 159 Question 15 


a) For P(x) =x° — 21x + 20, the possible integral zeros of the polynomial are the factors 
of the constant term, 20: +1, +2, +4, +5, +10, and +20. Test these values to find a first 
factor: P(1) = 0. Use synthetic division to find the other factors. 


—l} 1 0 -21 20 
7 —| —l 20 


x1] 1 —20 0 


Then, the remaining factor x° +x —20 can be factored as (x — 4)(x + 5). 
So, P(x) = (x — 1) —4)(x + 5). 


b) For P(x) =x° + 3x° — 10x — 24, the possible integral zeros of the polynomial are the 
factors of the constant term, —24: +1, +2, +3, +4, +6, +8, +12, and +24. Test these values 
to find a first factor: P(—2) = 0. Use synthetic division to find the other factors. 


Then, the remaining factor x° +x — 12 can be factored as (x + 4)(x — 3). 
So, P(x) = (x + 2)(x + 4)(x — 3). 


c) For P(x) =-x* + 8x’ — 16, the possible integral zeros of the polynomial are the factors 
of the constant term, —16: +1, +2, +4, +8, and +16. Test these values to find a first factor: 
P(2) = 0. Use synthetic division to find the other factors. 


The remaining factor —x° — 2x” + 4x + 8 can be factored. 
x? 2x7 + 4x +8 

=—x"(x + 2) + 4(x +2) 

= (x + 2)(x* + 4) 

= (x + 2)(x° 4) 

= (442) (¢=2) 

So, P(x) =-(x — 2)°(x + 2). 
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Cumulative Review Page 159 Question 16 


a) Factor <x + 2x” + 9x — 18. 
~x? + 2x* + 9x— 18 
= —x7(x — 2) + 9(x — 2) 
= (x —2)(° + 9) 
==(5= 2)" =9) 
= —(x — 2)(x — 3)(x + 3) 
So, fix) =-(x — 2)(x — 3)(x + 3). 
Then, the x-intercepts are 2, 3, and —3. 
The y-intercept is —-18. 


b) For g(x) = x4 — 2x3 — 3x7 + 4x + 4, the possible integral zeros of the polynomial are the 
factors of the constant term, 4: +1, +2, and +4. Test these values to find a first factor: 
P(-1) = 0. Use synthetic division to find the other factors. 


Repeat the process with the remaining factor x° — 3x” + 4. Test factors of the constant 
term, 4: P(2) = 0. 


Q(x)i= x* — 2x74 3x? + 4x+ 4 


The remaining factor x” — x — 2 can be factored 
as (x + 1)(x— 2). 

So, g(x) = («+ 1)°(x- 2). 

Then, the x-intercepts are —1 and 2. 

The y-intercept is 4. 


Cumulative Review Page 159 Question 17 


a) For V(x) =x° + 2x° — 11x — 12, the given factor is x + 1. Use synthetic division to find 
the other factors. 


+1) I 2 =11 =12 
- 1 1 =(2 


x] 1 1 -12 0 
Then, the remaining factor x° +x — 12 can be factored as (x + 4)(x — 3). 
So, V(x) = (x + Dx + 4)(x- 3). 
The polynomials that represent the possible length and width of the box are x + 4 and 
x= 3. 


b) When the height of the box is 4.5 m, x = 3.5. So, the possible dimensions are 4.5 m by 
7.5m by 0.5 m. 
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Cumulative Review Page 159 Question 18 


If f(x) = x° is stretched vertically about the x-axis by a factor of 3, then reflected in the 
y-axis, and then translated horizontally 5 units to the right: a = 3, b=—1,h=5, k=0, and 
the equation of the transformed function is g(x) = 3(-(x — 5))’. 


Unit 1 Test 
Unit 1 Test Page 160 Question 1 


a) Locate key points on the graph of f(x) and their image points on the graph of g(x). 
(4, 0) — (-5, 1) 

(-2, 4) — (4, 5) 

(2, 3) — (2, 4) 

(4, -2) — 1, -l) 


Since the orientation is unchanged, the graph has not been reflected in either axis. 

The overall width has changed, so the graph has been horizontally stretched by a factor of 
0.5. Since the x-intercept has changed, the graph has been translated 3 units to the left and 
1 unit up. So, a=1, b= 2, h =—3, k = 1, and the equation of the transformed graph is 

g(x) =f(2x + 3)) + 1. 

Choice D is correct. 


Unit 1 Test Page 160 Question 2 


For a reflection in the y-axis and a horizontal stretch about the y-axis by a factor of 3, 


a=1,b= 7 h=0, and k = 0. Use the mapping (x, y) — (—3x, y). The graph of the 


transformed function will have a different domain and different x-intercepts. 
Choice C is correct. 


Unit 1 Test Page 160 Question 3 


Graph each pair of functions to check whether the graphs are 
reflections of each other in the line y = x. 


The graphs of f(x) = ; + 5 and g(x) = 2x — 5 are not inverses 


of each other. 
Choice D is correct. 
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Unit 1 Test Page 160 Question 4 


The function y = |x + 4|—3 has domain {x | x € R} and range {y| v=>-3,y € R}. 
Choice A is correct. 


Unit 1 Test Page 160 Question 5 


If the graph of y= Vx+3 is reflected in the line y = x, then the range of this graph 


becomes the domain of the new graph, {x |x=0,x € R}. 
Choice D is correct. 


Unit 1 Test Page 160 Question 6 


If the graph of a polynomial function of degree 3 passes through (2, 4) and has 
x-intercepts of —2 and 3 only, then the factors are (x + 2) and (x — 3). The equation of the 
function is of the form f(x) = a(x + 2)(x — 3)’, since f(x) must be positive in the interval 
—2 e438. 

Determine the value of a so that the graph passes through the point (2, 4). 
4=a(2+2)(2-3) 


4=a(4)(1) 
4=4a 
a=1 


So, the equation of the function that satisfies these conditions is f(x) = (x + 2)(x — 3)’ or 
fx) = 2° — 4x? — 3x + 18:. 
Choice C is correct. 


Unit 1 Test Page 160 Question 7 


Cosider A: Evaluate P(—1). 

P(x) == — 40° +444 

P(-1) =-(-1)' - 4-1)’ + C1) +4 
P-1)=1-4-1+4 

P(-1)=0 

Since the remainder is zero, x + 1 is a factor of P(x). 
Choice A is correct. 


Unit 1 Test Page 161 Question 8 


Let P(x) =x* + k. Solve P(—2) = 3 to determine the value of k. 


PQy=x'+k 
3=(2)+k 
3=16+k 
k=-13 


When x* + k is divided by x + 2, the remainder is 3. The value of k is —13. 
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Unit 1 Test Page 161 Question 9 

For the function g(x) = f(x + 2) — 3, only the value of the parameter k, —3, affects the 
range. 

If the range of the function y = f(x) is {vy | y= 11, y € R}, then the range of the new 
function g(x) = f(x + 2) —3 is fy| y= 8,y © R}. 

Unit 1 Test Page 161 Question 10 

The mapping (x, vy) — (x — 2, y + 3) represents a translation of 2 units to the left and 
3 units up. So, A=-3 andk=3. 

The graph of the function f(x) = |x| is transformed so that the point (x, y) becomes 

(x — 2, y+ 3). The equation of the transformed function is g(x) = |x + 2| +3. 


Unit 1 Test Page 161 Question 11 
Solve x= V¥2x-1+2 graphically. 


The root of the equation x =J/2x-1+2 isx=5. 


Intersection 
n=e 


Unit 1 Test Page 161 Question 12 


a) The graph of y =x’ is stretched horizontally about the 
; 1 
y-axis by a factor of y=Ox): 


Then, translated horizontally 6 units to the right: 
2 
y=2@- 6)y. 


b) The graph of y =x’ is translated horizontally 6 units to 
the right: y = (x — 6)’. 
Then, stretched horizontally about the y-axis by a factor 


of $17 = Ox 67. 
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c) From part b), rewrite y = (2x — 6)’ as y = (2(x —3)). The two graphs have the same 
shape but the vertex of the parabola in part a) is located at (6, 0) while the vertex of the 


parabola in part b) is located at (3, 0). 


Unit 1 Test Page 161 Question 13 


a) 


| | FRA | | 


d) f(x): domain {x | x € R} and range {y|v=>-9, y € R} 
inverse of f(x): domain {x | x >—9, x € R} and range {y|y € R} 
J f (x) : domain {x | x <—3 andx >3,x e R} and range {y| y>0,y € R} 


Unit 1 Test Page 161 Question 14 
For quadrant II: reflection in the y-axis, y = f(x). 


For quadrant II: reflection in the y-axis and then the x-axis, y = —f(-x). 
For quadrant IV: reflection in the x-axis, y = —/(x). 
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Unit 1 Test Page 161 Question 15 


a) Mary should have subtracted 4 from both sides before squaring each side. She also 
incorrectly squared the right side in step 2. 


2x=Vx+1+4 
2x-4=Vx+1 
4x? -16x+16=x+1 
4x? -17x+15=0 
(4x—5)(x-3)=0 
4x-5=0 or r= 3 =0 
4x=5 A=3 
5 
x=— or 1,25 
4 
Check. Substitute x = 1.25 and x = 3 into the original equation to identify any extraneous 


roots. 
Left Side Right Side Left Side Right Side 
2x Vx+1+4 2x Vx+1+4 
= 2(1.25) =a Pos+i+44 = 2(3) ae alee! 
=2.5 =5.5 =6 =6 
Left Side 4 Right Side Left Side = Right Side 
The solution is x = 3. 


b) Yes, John’s method of graphing two functions representing each side of the equation 
can lead to a correct answer. He must find the x-coordinate of the point of intersection. 


Unit 1 Test Page 161 Question 16 


Solve P(—3) = 0 to determine the value(s) of k. 
P(x) =x" + 3x° + cx? — 7x + 6 
0 =(-3)' +303) + c-3Y -7(-3) + 6 
0=81-81+9c+21+6 


—27 =9c 

c=-3 
For P(x) = x* + 3x° — 3x — 7x + 6, P(—3) = 0. Use synthetic division to find the other 
factors. 


Repeat the process with the remaining factor x° — 3x + 2. Test factors of the constant 
term, 2: P(1) = 0. 
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The remaining factor x° + x — 2 can be factored. 
So, P(x) = (x + 3)(x — 1)°(x + 2). 


Unit 1 Test Page 161 Question 17 


a) For P(x) =x° — 7x — 6, the possible integral zeros of the polynomial are the factors of 
the constant term, —6: +1, +2, +3, and +6. 


b) Test the values from part a) to find a first factor: P(—1) = 0. Use synthetic division to 
find the other factors. 


The remaining factor x° — x — 6 can be factored. 
So, P(x) = (x + 1)(x— 3) + 2). 


c) The x-intercepts are —1, 3, and —2. The y-intercept is —6. 
d) Since the leading coefficient is positive, the graph extends down into quadrant III and 


up into quadrant I. The function is greater than or equal to zero for values of x in the 
intervals —-2 <x <-l andx>3. 
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Chapter 4 Trigonometry and the Unit Circle 
Section 4.1 Angles and Angle Measure 
Section 4.1. Page 175 Question 1 


a) —4z is a clockwise rotation 

b) 750° is a counterclockwise rotation 

c) —38.7° is a clockwise rotation 

d) 1 radian is a counterclockwise rotation 


Section 4.1 Page 175 Question 2 


a) 30° -30(=*) 
180 


7 
6 
b) 45° =45( 
180 
7 
4 


c) 330° --330( = 
180 


els 
6 


d) 520° = 520 = 
180 
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e) 90° =90( ==) 
180 


ide 
2 


15 
oi 91 
‘ =| 


_In 
60 


Section 4.1 


a) 60° = 60{ =.) 
180 


Page 175 


d) 72° -n{ =) 


180 
_2n 
2 
= 1.26 
Section 4.1 Page 175 
‘ T_ 180 
6 6 
= 30° 
d) Sa __ 5(180°) 
2 2 
= —450° 


Question 3 


b) 150° = 150 


Question 4 


b 
3 es 


=120° 


e 1=1( 
15 


_ 180° 
1 
= 573° 


Nils 


1 


180 


2n _ 2(180°) 
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c) -270° = -270( 
180 


15 
540° =540| — 
| 


=3n 
~9.42 


o) 3% __ 31180") 
8 8 


= -67.5° 


f) 2.75= 2.75( = ) 
Tl 


_ 495° 
TU 
~157.6° 
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Section 4.1 Page 175 Question 5 


‘ 2n _ 2(180°) b) 7m _ 7(180°) a ees 180 
7 7 13 13 3°. 3G 
_ 360° _ 1260° 120° 
13 — 

~ 51.429° = 96.923° ~ 38.197° 

d) 3:66 =3.06{ 18 ) e) -6.14=—6.14{ 8 f) -20= 20( 
Tl Tl Tl 
_ 658.8° _1105.2° _ 3600° 
Tt Tl Tl 
~ 209.703° = —351.796° ~—1145.916° 

Section 4.1 Page 175 Question 6 
a) An angle that measures | radian is in b) An angle that measures 225° is in 
quadrant I. quadrant II. 

¥, y. 

1 
fe) 
225° 
PAE 2 

c) An angle that measures a d) An angle that measures 650° is in 
quadrant II. quadrant IV. 


2t . , 
e) An angle that measures -— is in 


quadrant III. 


2n 
3 
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f) An angle that measures —42° is in 


quadrant IV. 
O|\/_42° 


Section 4.1 Page 176 Question 7 
a) 72° + 360° = 432° 72° — 360° = —288° 


For an angle of 72°, one positive coterminal angle is 432° and one negative coterminal 
angle is —288°. 


3m ae : . Ila : : 
For an angle of ’ one positive coterminal angle is a and one negative coterminal 


angle is — pu 
a 


c) —120° + 360° = 240° 120° — 360° = -480° 
For an angle of —120°, one positive coterminal angle is 240° and one negative coterminal 
angle is 480°. 


ul 
ja a ae 
2 2 2 2 


llx a3 : . 71 . : 
For an angle of 58 one positive coterminal angle is a and one negative coterminal 


angle is =e 
- 


e) —205° + 360° = 155° 205° — 360° = —565° 
For an angle of —205°, one positive coterminal angle is 155° and one negative coterminal 


angle is —565°. 
f) 7.8-2n=1.5 7.8—4n =-4.8 


For an angle of —7.8, one positive coterminal angle is 1.5 and one negative coterminal 
angle is -4.8. 
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Section 4.1 Page 176 Question 8 


a) The angles = and = are coterminal because 
5m 5a 12 
— + 2a =—+—_ 
6 6 6 
_ln 
6 


1 ‘ ; ; ; : 
b) The angles = and — are not coterminal because “s is coterminal with . which 


falls on the positive y-axis, while = is coterminal with = , which is in quadrant IT. 


c) The angles 410° and -410° are not coterminal because 410° is coterminal with 50° 
and so is in quadrant I, while —410° is coterminal with 310° and is in quadrant IV. 


d) The angles 227° and —493° are coterminal because —493° is coterminal with 
—493° + 2(360°) which is 227°. 


Section 4.1 Page 176 Question 9 


a) The coterminal angles for 135° are 135° + (360°)n, where n is any natural number. 
b) The coterminal angles for = are = +2nn, where n is any natural number. 


c) The coterminal angles for —200° are —200° + (360°)n, where n is any natural number. 
d) The coterminal angles for 10 radians are 10 + 22n, where n is any natural number. 


Section 4.1 Page 176 Question 10 


Example: Choose —45°. 
—45° = —45° + 360° 

=ala° 
In general, all angles coterminal with -45° 
are given by —45° + (360°)n, where n is any 
natural number. 
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Section 4.1 Page 176 Question 11 


a) 65° + 360° = 425° 
In the domain 0° < 8 < 720°, the angle 425° is coterminal with 65°. 


b) —40° + 360° = 320° 
In the domain —180° < 0 < 360°, the angle 320° is coterminal with 40°. 


c) —40° + 360° = 320° 40° — 360° = —400° 

—40° + 2(360°) = 680° 

In the domain —720° < 8 < 720°, the angles 400°, 320°, and 680° are coterminal 
with 40°. 


See ogeee = ee” EE age 
6 6 6 6 
In the domain —4z < 0 < 47, the angles =, : and = are coterminal with —*. 
ee Skea ee) 
3 3 3 3 


In the domain, —2z < @ < 4z, the angles . and = are coterminal with 2 ; 


g) 2.4—-2n7=-3.9 
In the domain —2z < 0 < 27, the angle —3.9 is coterminal with 2.4. 


h) -7.2+2n=-0.9 -7.2+41~=54 —7.2 —2n =~ —13.5 (outside specified domain) 
In the domain —-4z < 0 < 27, the angles —0.9 and 5.4 are coterminal with —7.2. 
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Section 4.1 Page 176 Question 12 


a) Use a proportion with r = 9.5 and central angle 1.4 radians. 
arclength central angle 
circumference complete rotation 


arclength 1.4 


2n(9.5) 2a 
arc length =1.4(9.5) 
=13.3 


The arc length is 13.3 cm. 


b) Use the formula a = Or, with r = 1.37 and 0 =3.5. 
a= 3.5(1.37) 
= 4.795 
The arc length is 4.80 m, to the nearest hundredth of a metre. 


c) Use a proportion with r = 7 and central angle 130°. 
arclength central angle 


circumference complete rotation 
arclength — 130 


2n(7) 360 
arc length = oD) 
36 
~15.88 


The arc length is 15.88 cm, to the nearest hundredth of a centimetre. 


d) Use a proportion with r = 6.25 and central angle 282°. 
arclength central angle 

circumference — complete rotation 

arclength 282 

2n(6.25) 360 

282(12.57) 

360 

= 30.76 

The arc length is 30.76 in., to the nearest hundredth of an inch. 


arc length = 
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Section 4.1 Page 176 Question 13 


a) Use the formula a = Or, with a= 9 andr = 4. 


9 =0(4) 

2 =9 

4 
2.25=0 


The central angle is 2.25 radians. 


b) Use the formula a = Or, with 0 = 1.22 andr=9. 
a= 1.22(9) 

= 10.98 
The arc length is 10.98 ft. 


c) Use the formula a = @r, with a = 15 and 0 = 3.93. 


15 =3.93r 
15 
3.93 
3.822r 


The radius is 3.82 cm, to the nearest hundredth of a centimetre. 


d) Use a proportion with r = 7 and central angle 140°. 
arclength central angle 


circumference complete rotation 
arc length 140 


2n(7) 360 
arc length = at) 
36 
#17.10 


The arc length is 17.10 m, to the nearest hundredth of a metre. 
Section 4.1 Page 176 Question 14 


a) Use the formula a = Or, with r= 5 and 0 = = : 


a= (=)s 
3 
_ 250 


3 
= 26.18 
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_ 2 
The arc length of the sector watered is = m or 26.18 m, to the nearest tenth of a metre. 


b) Use a proportion with r = 5 and central angle = : 


area of sector _ central angle 
area of circle complete rotation 


Sa 
area of sector 3 
m(5)° 20 
area of sector = a8 


1252 


The area of the sector watered is , or approximately 65.45 m’. 


c) The sprinkler makes one revolution every 15 s, so in 2 min it will make 8 revolutions. 
In 2 min the sprinkler will rotate through 8(27) radians, which is 16z radians, or 8(360°) 
which is 2880°. 


Section 4.1 Page 177 Question 15 


a) One revolution in 24 h is the same as: 
360° 


per hour, which is 15°/h; or a radians in 12 h, which is = radians/h 


b) 1000 rpm = 1000(27) radians/min 
_ 1000(27) 
60 


radians/s 


tT .. 
The angular velocity of the motor is radians per second. 


c) 10 revolutions in 4 s is a or 900° per second. 


In one minute, this is 60(900°) or 54 000°. 
The angular velocity of the bicycle wheel is 54 000°/min. 
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Section 4.1 Page 177 Question 16 


a) Use the formula a = Or, with a = 170 andr = 72. 


170 = 6(72) 
170 _ 

72 
2.36 =0 


The central angle of the cable swing is 2.36 radians, to the nearest hundredth of a radian. 


b) 2.36 radians 2.36% ) 
™ 


2135,3° 
The measure of the central angle is 135.3°, to the nearest tenth of a degree. 


Section 4.1. Page 177 Question 17 


Revolutions Degrees Radians 
a) 1 rev 360° 2a 
3a 
b) 0.75 rev 270° > or 4.7 
c) 0.4 rev 150° ™ 
d) —0.3 rev —97.4° —1.7 
e) —0.1 rev —40° 4 or —0.7 
71 
f) 0.7 rev 252° rs or 4.4 
1 
g) —3.25 rev —1170° or —20.4 
h) = or 1.3 rev 460° = or 8.0 
18 9 
i) oe or —0.2 rev —67.5° = 
16 8 


Section 4.1. Page 177 Question 18 
Joran’s answer includes the given angle, obtained when n = 0. Jasmine’s answer is better 


as it excludes the actual given angle and just generates all positive and negative 
coterminal angles. 
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Section 4.1 Page 177 Question 19 


a) 360° = 400 grads 
So, 1° = aid grads 
360 


10 


400 


Then, 50° = 50} ——; 


360 


9 
_ 500 
7 
= 55.6 grads 


b) Use the equivalence 360° = 400 grads. To convert from degrees to gradians, multiply 


the number of degrees by on . To convert from gradians to degrees, multiply the 


number of gradians by am ; 
400 


c) The gradian was developed in France along with the metric system. A right angle, or 
90° is 100 gradians and so fractions of a right angle can be expressed in decimal form in 
gradians. 


Section 4.1 Page 178 Question 20 


a) The central angle is 62.45° — 49.63°, Yellowknife 62.45° 
or 12.82°. Crowmant 


b) Use a proportion with r = 6400 and central angle 12.82°. 
arclength central angle 


circumference complete rotation 
arclength 12.82 
2n(6400) 360 
12.82(1280z) 
36 
~ 1432.01 
The distance between Yellowknife and Crowsnest Pass is 1432.01 km, to the nearest 
hundredth of a kilometre. 


arc length = 
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c) Example: Bowden and Aidrie are both approximately 114° W. Bowden is at 51.93° N 
and Airdrie is at 51.29° N. 
So, the central angle is 51.93° — 51.29° or 0.64°. 
Use a proportion with r = 6400 and central angle 0.64°. 
arclength central angle 


circumference complete rotation 

arclength 0.64 

2n(6400) 360 
0.64(12807) 

36 
= 71.49 

The distance between Bowden and Aidrie is 71.49 km, to the nearest hundredth of a 
kilometre. 


arc length = 


Section 4.1 Page 178 Question 21 


133.284(1000) ane 
60 
= 2221.4 m/min 
Sam Whittingham’s speed, in the 200-m flying start race, was 2221.4 m/min. 


a) 133.284 km/h = 


b) The bicycle wheel circumference is 2(0.6) m. 


So, the number of wheel turns in 2221.4 m is — zi : 
6m 


Then, the angular speed of the wheel is (2 1.4 


Jem or approximately 7404.7 radians 
67 


per minute. 


Section 4.1 Page 178 Question 22 


Speed of the water wheel is 15 rpm or 15(37) m/min. 
Convert the speed to kilometres per hour. 
15(3z) m/min= Pome) km/h 
1000 
= 8.5 km/h 


The speed of the water wheel is approximately 8.5 km/h. 
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Section 4.1 Page 178 Question 23 


In one revolution about the sun, Earth travels 93 000 000(27) miles. 
Convert 93 000 000(27) miles in 365 days to a speed in miles per hour. 
93 000 000(27) 
365(24) 
The speed of Earth is approximately 66 705.05 mph. 


This is miles per hour. 


Section 4.1 Page 178 Question 24 


a) 69.375° = 69° +[ S75 Joo! 


1000 
= 69° +22.5' 
= 69° 22' 30” 
b) i) 40.875° =40°+( =” Joo’ iy 100.126° =100°+( 250 
1000 1000 
= 40° + 52.5’ =100°+7.56 
=40° 52’ 30" 
=100° 7 +[ 2° eo" 
100 
=100° 7’ 33.6" 


iii) 14.565° =14°+( 5 0 iv) 80.385 =#0°4 385 Joo 


1000 1000 
= 14°+33.9' = 80° + 23.1 
= 14° 33’ + Ea 60" = 80° 23’ + Es 60" 
10 10 
= 14° 33’ 54” = 80° 23' 6" 


Section 4.1 Page 179 Question 25 


a) 69° 22' 30" =69° 22 (2) 
60 
= 69° 22.5! 


60 


= 69.375° 
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b) i) 45° 30" 30" 45° 30+{ 22) ii) 72° 15’ 45"=72° is+(3) 
60 60 
= 45° 30,5’ = 72° 15.75! 
= 45°+ = =72°+ eee 
60 60 
~ 45.508° = 72.263° 
eee ’ " ‘i 15 ° ! Uy 
iii) 105° 40’ 15” =105° 40 (3) iv) 28° 10’=28° 10 
=105° 40.25’ _ 99° (2) 
40.25) _ 
=105°+( ~ 28.167° 
60 
~105.671° 


Section 4.1 Page 179 Question 26 


First, write an expression for the area of the sector. 


Use a proportion with central angle 0. , 
area of sector 0 a 
area of circle _ Qn Noe 8 


1 


6r? 


area of sector = 


Next, derive an expression for the area of the triangle. 
The perpendicular height from the centre of the circle to AB will bisect the triangle into 


two congruent right triangles. The height will be rcos : . The length AB will be 
2r sin g : 
2 


.. @ 0 
a iis 
(2r sin — )(r cos—) 


Area of triangle = 5 
2. 9 8 

=r sin—cos— 

2 2 


ery 
2 
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Then, area of shaded segment = area of sector — area of triangle 


2 
= aoe sin® 
r- 
=r say) 


Section 4.1 Page 179 Question 27 


a) At 4:00, the minute hand is at 12 and the hour hand is at 4. 
4 
Angle =—(360° 
Bre ene 
=120° 
The angle between the hand of a clock at 4:00 is 120°. 


b) At 4:10 the hour hand will have moved [2 30° , or 5° past the 4. The minute hand 


will have rotated [2 }360° , or 60° from the 12. The angle between the hands at 4:10 is 
120° + 5° — 60°, or 65°. 
c) Example: The hands are at right angles to each other at 3:00 and at 9:00. 


d) The hand are at right angles twice between 4:00 and 5:00. 
Represent the time as 4 + x, where x is the number of minutes past the hour. 


Then, the hour hand will have moved (=| 30°. The minute hand will have rotated 


[) 360°. The angle between the hands is 90° when 


120° + [= Js0° _ [=< } 00° 90° 
60 60 


Solve the equation: 
120+ = —6x=90 
2 
60 = 11x 
60 
x =— 
11 


x =5.5 
To the nearest minute, the hands will be at right angles to each other at 4:05. 


There is another such time, when the minute hand is beyond the hour hand. 
In this case, the minute hand is ahead of the hour hand, so the equation to solve is 
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6x —120— ~ =90 
2 


aM iG, 
2 

11x = 420 
x= 38 


To the nearest minute, the hands will be at right angles to each other at 4:38. 
e) As shown in part d) above, one time occurs shortly after 4:05. 


Section 4.1 Page 179 Question C1 


One revolution is 27 radians, which 
is approximately 6.28 radians. 

So, 6 radians is a little less than 
360°. 


Section 4.1 Page 179 Question C2 


B 
One degree is sth of a complete revolution; so it is a 


very small angle. On the other hand, | radian is an 
amount of rotation that cuts off an arc with length equal 


to the radius. It is a little less than ih of a complete 


revolution. 
Section 4.1 Page 179 Question C3 


a) 860° — 720° = 140° 
The reference angle is 180° — 140°, or 40°. 
An expression for all coterminal angles is 140° + 360°n, n € N. 


b) (—7 + 4m) rad ~ 5.566 rad 


The reference angle is 2 — 5.566 rad, or 0.72 rad, to the nearest hundredth. An 
expression for all coterminal angles is 0.72 + 2an,n € N. 
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Section 4.1 Page 179 Question C4 


Section 4.1 Page 179 Question C5 


a) x=3 


Section 4.2 The Unit Circle 
Section 4.2 Page 186 Question 1 


a) Inx’+y =r’, substitute r = 4. 


x +y = 16 y 

b) In x + y = r substitute r = 3. P(x, y) 
2 +¥ = 

c) In x +y = r, substitute r = 12. ve 
x+y’ = 144 x 
d) Inx?+y’ =r’, substitute r = 2.6. 

x+y =2.6 

x +y = 6.76 
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Section 4.2. Page 186 Question 2 


A point is on the unit circle if x° + y’ = 1. 


+ 
8 8 64 64 
10 4.5 
16 8 eat 
+1 64 ie 
: eee elie 
Therefore, the point (-3. ‘| is not on Therefore, the point 22] is not on 
the unit circle. the unit circle. 
c) For ene ; d) For (.-2). 
13 13 ae 
5) (12) 25 144 4y ( 3) 16 9 
——| +|—] =——+— —| +|-—}| =—+— 
13 13 169 169 5 5 25. 25 
_169 _25 
169 25 
=| =] 
Therefore, the point uae is on Therefore, the point oe is on 
13 13 aS 
the unit circle. the unit circle. 
e) For iB 1 : f) For v7 3 ; 
af; 4 4 
2 2 2 2 
3 pia sel V7 ie a 
2 2 4 4 4 4 16 16 
2 =/6 
4 16 
Therefore, the point (-2.-2) is on Therefore, the point (2.3) is on the 


the unit circle. unit circle. 
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Section 4.2 Page 187 Question 3 


In quadrant II, x = my 


In quadrant I, y = _vIS 
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xa1-+ 
9 
vik 
9 
c=u® 
4 
For x <0, x= v8 2V2 
| 3 
ey. 
—|+y=l1 
» (2) y 
ar 
169 
g. 25 
169 
5 
-4+— 
ae 


The point is not in quadrant I. Since it has a 
positive x-value, the point must be in quadrant IV 


Section 4.2. Page 187 Question 4 


a) A rotation of z radians takes the terminal arm of the angle on to the x-axis to the left 
of the origin. 


So, P(x) = (-1, 0). 
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b) A rotation of = radians takes the terminal arm of the angle onto the y-axis below 


the origin. 


So, P(-2) =(0,-1). 


: ™ j 
c) A rotation of 3 radians takes the 


terminal arm of the angle into the first 
quadrant as shown. 


d) A rotation of - radians takes the 


terminal arm of the angle into quadrant 
IV as shown. 


»#(-3)-[2-3) 


e) A rotation of = radians takes the 


terminal arm of the angle into the second 
quadrant as shown. 


so,7(22)-[ 22) 


2° 2 


: 71 ; ; . 
f) A rotation of a radians takes the terminal arm of the angle into the first quadrant 


: ; ., 1 
and is coterminal with 7 


soP( i) (22 


4 2 2 


g) A rotation of 42 is two complete turns and is coterminal with 0 radians. 
So, P(4z) = (1, 0). 
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h) A rotation of = radians is one complete turn plus one-half turn and takes the 


terminal arm of the angle onto the y-axis above the origin. 


5a) _ 
So, (=) = (0, 1). 


i) A rotation of = radians takes the ( ls ) 


terminal arm of the angle into quadrant II 
as shown. 


1, 0) 


; 4 . 
j) A rotation of a radians takes the 
terminal arm of the angle into quadrant I, 


Tl 
with reference angle a as shown. 


Section 4.2 Page 187 Question 5 


a) (0, —1) is on the y-axis, below the origin, so 8 = = : 


b) (1, 0) is on the x-axis, to the right of the origin, so 0 = 0. 


c) (2 : 2 is in quadrant I, and since x and y are equal the measure of the central 
angle is — 


| 
d) | -—~,— = | is in quadrant II, and since x and y have equal length, the measure of the 
eye) tim nai 
3n 


reference angle is : . In quadrant II, 0 = oe 
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e) 32 | is in quadrant I and 0 = 


as shown. 


ua 
3 


5a 


2 


g) (-2.4 is in quadrant II as shown 


p 


f) 5-2) is in quadrant IV, and so 0 = 2a ; , or 


2 sea ' 
i) [2-2 s in quadrant III, and since x and y are equal the measure of the central 


2 


angle is a + 7:89 0= =. 


j) C1, 0) in on the x-axis, to the left of the origin. So, 0 =z. 


Section 4.2. Page 187 


If P(6) = (2.2) , then 0 is in 


Question 6 


quadrant II as shown. One positive 

. on ; 
measure for 0 is "6. and a coterminal 
70 


negative angle is “42a, or ar 
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Section 4.2 Page 187 Question 7 


a) Example: Choose 0 = _ then 


b) Example: Choose 0 = = , then 


ae ae um 
4 4 


*(22)-(-e-45) oe] 


and 
()-(G-a) (2-9) 


Section 4.2 Page 187 Question 8 


Step 2: Step 3: 
Point 1 1 sel aoe une 
im turn 7; turn Description 
1 = x- and y-values IZ) 0.1 
P(0) = (1, 0) (5) HS) change places a 
and take 


= (0, 1) =(0, -1) appropriate 
signs for the 
new quadrant 


x- and y-values 


1 mit [2-4] change places 
p(= ({S+2) a ge p 
3 e and take 
5x =P} -— ‘ 
= {=| ( } appropriate 
= 2. 2 Bo signs for the 
2 2 (2. | (2 | new quadrant 


MRR »* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 4 Page 24 of 85 


Pf Smt x- and y-values 
change places 
= (=| = [=] and take 
= c =) : appropriate 
-( 3 ; signs for the 
new quadrant 


p(e +2 +3)=Ca-0) p(0+ 5+ +3) =(4-a) 


Section 4.2 Page 188 Question 9 
a) The diagram shows a unit circle: x’ + y= 1. 


b) C is related to B by a 90° rotation, so as shown 
in the previous question, the coordinates switch 
and the signs are adjusted. In quadrant I, both 
coordinates are positive. So the coordinates of B 


c) AC = AB+> 


AC=04— 
2 


d) If P(8) = B, then P [o = 5 is related by a rotation of . clockwise, which puts it in 
quadrant IV. 


e) The maximum value for the x-coordinates or the y-coordinates is 1. 
The minimum value for the x-coordinates or the y-coordinates is —1. 


Section 4.2 Page 188 Question 10 


a) Mya is correct, because in quadrant I the x-coordinates start at 1 for an angle of 0° and 
decrease to a minimum of 0 for an angle of 90°. 
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b) Check Mya’s answer by substituting x = 0.807 and y = 0.348 751 into the equation for 
the unit circle, x° + y= 1. If the sum of the squares on the left side is not equal to 1, then 
Mya has made an error and her calculation needs checking. Observe that Mya forgot to 
the take the square root. 
Left Side = (0.807) + (0.348 751) 

= 0.772 876 26 

#1 
Recalculate: when x = 0.807 
(0.807 +y’=1 

y’ =1-(0.807) 


y = /1-(0.807) 


y= 0.590 551 


c) Substitute y = 0.2571 inx’+y°=1 
x’ + (0.2571) =1 
* =1=(02571y 


x= J1-(0.2571) 


x = 0.9664 


Section 4.2 Page 188 Question 11 


b) The denominators of the coordinates are all 2. 


c) The numerators of the x-coordinates are decreasing as P(@) increases, while the 
y-coordinates are increasing. This makes sense, in the quadrant I, because the terminal 


Tt : 
arm is getting closer to the y-axis as the angle increases. At (=) the x-coordinate and 


the y-coordinate are the same. 


d) Square roots are derived from the special right triangles with acute angles 7 - and 
uo 
3° 6 
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e) Example. Remember the patterns of side ratios for the special right triangles and that 


T . 
for angles less than re the x-coordinate is greater than the y-coordinate. 


Section 4.2 Page 188 Question 12 


a) The interval —2x < 0 < 4x represents three rotations around the unit circle: one 
complete clockwise rotation starting at 0 and two complete counterclockwise rotations. 
For every point on the unit circle there will be three coterminal angles in this interval. 


Las 


b) If P(8) = (52) then 8 is in quadrant I. 
2 2 wax 
An eo 
In the interval —2n < 8 <0, 0 = -—. 
3 1, 0) 


In the interval 0 < 0 < 27, 0 = =. 


In the interval 2a < 0 < 4a, 
0= ane or m 
3 3 


c) The terminal arm of the three angles is in the same position on the unit circle and all 
three angles have the same reference angle. The angles are “coterminal”. 


Section 4.2 Page 188 Question 13 


a) If P(0) = [-,-22 , then 8 is an 


angle with terminal arm in quadrant III. 
The location of P, at the intersection of 
the terminal arm and the unit circle, is 


a2 
7 


1 
given by x = 3 and y = 
b) 6 terminates in quadrant III. 


c) P [« + 3 will be in quadrant IV and for a rotation of . the coordinates of P from 


part a) switch and the signs are adjusted for quadrant IV. 


(0-3)-25] 
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d) Pf -5| will be in quadrant II and for a rotation of = the coordinates of P from 


part a) switch and the signs are adjusted for quadrant II. 


Section 4.2. Page 189 Question 14 


m units is a length. On the unit circle it is the arc 
of an angle from (1, 0) to (1, 0). 

7m Square units is an area. It is the area of the unit 
circle because when r= 1 in A= ar’ the area is 
A=n(1)’, or a square units. 


T units 


Section 4.2. Page 189 Question 15 


a) Since ABCD is a rectangle, opposite 
sides are the same length. So, the 
coordinates of the other vertices are: 
B(-a, b) 

C(—a, —b) 

D(a, —b) 


b) i) Since z is half a complete rotation, 8 + a will have terminal arm OC. 
The angle will pass through C. 


ii) Similarly, —z is half a complete rotation, in the clockwise direction, so 0 — z will have 
terminal arm OC. The angle will pass through C. 


iii) —0 is the ZFOD. A rotation of x from OD will have terminal arm OB. 
The angle —0 + z will pass through B. 


iv) A rotation of —a from OD will have terminal arm OB. 
The angle —8 — x will pass through B. 


c) The answers would be the same because, since the angles are expressed in radians, arc 
FA is the same as 0. 
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Section 4.2 Page 189 Question 16 


om. Gene : : 5 
a) Ina counterclockwise direction, arc SG is created by a rotation of z : 


The arc length of SG is = : 


1 a 
b) P (=) represents a point on the unit circle 


obtained by rotating an angle in standard position 
through 3 complete rotations plus half a rotation. 
We know this because wes = a gt 

2 2 2 
and 62 is 3 complete rotations of 2 each. The 
point on the unit circle corresponding to this 
amount of rotation is A. 


1 
, or 62 +— 
2 


c) P(5) is in quadrant IV. Since P (=) is approximately P(4.71) and P(2z) is 
approximately P(6.28), so P(5) is between C and D. 
Section 4.2 Page 189 Question 17 


a) y=-3x © 
xt+y=1 2) 
Substitute from © into @. 
x’ +(-3xy =1 
10x°=1 
x= + eS 
10 
Substitute in © to find the corresponding y-values 


The points of intersection are 


aD or (0.1V10,—0.3V10), and 
| 2 Jporc 0.1V10,0.3V10). 


V10V10 
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b) The first point of intersection above is in quadrant IV and the second point is a 
rotation of z away, in quadrant II. Since the first coordinate is cos 8, the measure of 
reference angle 0 is approximately 1.25 radians. 

y: 


Section 4.2 Page 189 Question 18 


a) First, use the Pythagorean theorem to 
determine the length of the hypotenuse OA. 
OA*=5° +2? 

OA = ¥29 


Next, compare sides of the similar right 


triangles. 

x5 y 2 

1 29 1 29 

eo pest 
29 29 


2) 2 
The exact coordinates of P(0) are ) : 
V29 29 
b) The radius of the larger circle passing through A is the length of OA found in part a). 


It is J29. 


c) The equation for the larger circle passing through A is x° + y” = 29. 
Section 4.2. Page 190 Question 19 


Consider P(8) = (x, y). 
In the unit circle, the hypotenuse is 1. 


adjacent opposite 


Then, cos 0 = dsin @ = 


y. 
Pix. ¥) 
hypotenuse hypotenuse 
i awe x 
PoP OD 
=x =y 


So, P(8) = (cos 9, sin 0). 
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Section 4.2 Page 190 Question 20 


a) (22) are the coordinates of a point on the unit circle in quadrant I, describing a 


rotation of Zz The equivalent polar coordinates are C 4 : 


V3 


1 ee 
) (8-1) are the coordinates of a point on a circle in quadrant II. 


First, determine the radius of the circle: 


ee 
9 
ae, 
36 
Ps 
6 
Next, determine the angle measure. 
tang =~ 
x 


- 23 
So, 8 ~ 0.367 
This is the measure of the reference angle, so in quadrant III the angle is 2 + 0.367 or 


3.509. 
V31 


The equivalent polar coordinates are [2 3.509 


c) (2, 2) are the coordinates of a point on a circle in quadrant I. Since x = y this is a 


: 1 
rotation of —. 
4 
Determine the radius: 
P+P=r 
8=r 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 4 Page 31 of 85 


r= 2/2 


The equivalent polar coordinates are [23 : =| ; 


d) (4, —3) are the coordinates of a point on a circle in quadrant IV. 
First, determine the radius: 


P+3y=r 
25=r 
r=5 
Next determine the angle measure. 
tan 8 = e 
4 
0 = 0.644 


This is the measure of the reference angle, so in quadrant IV the angle is 21 — 0.644 or 
5.640. 
The equivalent polar coordinates are (5, 5.640). 


Section 4.2 Page 190 Question C1 


c) Using the special right triangle for e the vertex in quadrant I has coordinates 


43.1 


[~ : | . Then adjust the coordinates for the vertices of the rectangle in other quadrants. 


In quadrant II, (=) 7 [-2.5) 


2 2 
In quadrant II, (=) = v3 : : ; 
6 2 2 
In quadrant IV, P Ee |= v3 ; : : 
6 : a: 
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d) Example: Divide the unit circle into eighths to mark off multiples of a . Use the ratio 


of sides of the special isosceles right triangle with hypotenuse | ee ; a : 1) adjusting 


the signs of coordinates for each quadrant. Think of hours on a clock face to mark off 


multiples of = Then, use the ratio of sides of the special right triangle with hypotenuse 1 


B 


1 Ke aatd ; : 
(> : 5 : 1) adjusting the signs of coordinates for each quadrant. 


Section 4.2 Page 190 Question C2 


a) Let n represent the measure of ZBOA. Then, ZABO = ZBAO = 2n. 
Arc AB is the same as the measure of ZBAO, in radians. 
Use the angle sum of a triangle. 
n+2n+2n=a 
5n=1 


n= 


nla 


The measure of arc AB is a 


b) If P(C) =P [b + s| , then C must be in quadrant II. 


The measure of arc AC, and of ZCOA, is 


qt nt 72 
=f Se 
5 2 10 
Then in AOAC, 
ZCAO + ZACO =x- = 
_ 3u 
10 


Since ZCAO = ZACO, ZCAO = = 


Section 4.2 Page 190 Question C3 


a)xty=r 
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b) Example: If the centre of the circle is 
moved to (h, k), then a new right triangle 
can be used to determine the equation. 
Its horizontal length will be (x — h), and 
its vertical side will be (y — k). Then, 
using the Pythagorean theorem 

(xh +(y-khP =r. 


(x, y) 


Na, 


Section 4.2. Page 190 Question C4 


a) Area of circle = x(1°) 
Area of the square = 2” 


Percent of paper cut off = (4 ; * joo 
= 21.5% 
b) Circumference : perimeter of square = 27: 8 
=1:4 
4.3 Trigonometric Ratios 


Section 4.3 Page 201 Question 1 


a) sin45° =» 
r 
_N2 
2 
A 
b) tan 30°= ~=-2~ 
y 
3 
seige Ne 
3 3 
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=v3 


e) Refer to the diagram in part d), because 2 = 210°. 


csc 210° af 


g) A point on the terminal arm of = is (0, -1). 


Therefore, tan ot ad 
2 xX 
_ =] 
0 
= undefined 
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h) A point on the terminal arm of z is (—1, 0). 


r 
Therefore, seca = 


xX 
1 
ead 
4 


i) cot (-120°) =~ 
y 


1 

= 

NB 
3 

aA 3 
Bo 3 


j) A rotation of 390° is coterminal with 30°. 
So, cos 390° = cos 30° 


I) A rotation of 495° is coterminal with 495° — 360°, or 135°. 
Therefore, csc 495° = csc 135° 
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Section 4.3 Page 201 Question 2 


Use a calculator. Verify that the sign is correct for the quadrant. 


a) cos 47° ~ 0.68 b) cot 160° = : 
tan 160° 
wm —2,75 
1 1 
c) sec 15°= d) csc 4.71 =— 
cos 15° sin 4.71 
= 1.04 = —1.00 
e) sin 5 ~—0.96 f) tan 0.94 = 1.37 
. oT 
g) Sila = 0.78 h) tan 6.9 ~ 0.71 
2 ae 5 11x 
i) cos 302° ~ 0.53 D) sin( -) = —0.97 
k) cot 6 = I) sec (270°) ee 
tan 6 cos(—270°) 
= —3.44 1 
0 
= undefined 


Section 4.3 Page 202 Question 3 


The diagram shows a memory aid for the ratios that are positive, i.e. greater than 0, in 
each quadrant. 


a) cos 8 > 0 in quadrants I and IV Sin All 
b) tan 8 < 0 in quadrants II and IV 
c) sin 8 < 0 in quadrants II and IV 


d) sin 8 > 0 in quadrants I and I, cot 8 < 0 in quadrants II and IV, so both conditions are 
true in quadrant II. 


e) cos 8 < 0 in quadrants IJ and III, csc 6 > 0 in quadrants I and II, so both conditions are 
true in quadrant II. 
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f) sec 8 > 0 in quadrants I and IV, tan @ > 0 in quadrants I and III, so both conditions are 
true in quadrant I. 


Section 4.3 Page 202 Question 4 


a) 250° = 180° + 70°, so 250° is in quadrant II. In quadrant III, sine is negative. 
So, sin 250° =—sin 70°. 


b) 290° = 360° — 70°, so 290° is in quadrant IV. In quadrant IV, tangent is negative. 
So, tan 290° = -tan 70°. 


c) 135° = 180° — 45°, so 135° is in quadrant II. In quadrant II, cosine and secant are 
negative. So, sec 135° =—sec 45°. 


d) 4 radians is in quadrant III and its reference angle is 4 — 2. In quadrant III, cosine is 
negative. So, cos 4 =—cos (4-7). 


e) 3 radians is in quadrant II and its reference angle is 2 — 3. In quadrant II, sine and 
cosecant are positive. So, csc 3 = csc (a — 3). 


f) 4.95 radians is in quadrant III and its reference angle is 4.95 — x. In quadrant III, 
tangent and cotangent are positive. So, cot 4.95 = cot (4.95 — 2). 


Section 4.3 Page 202 Question 5 


a) (3, 5) is in quadrant I. 


(5) 
Use tano =~ 
x 
3 03 
=_— t > 
3 tT 
Then, the reference angle is 0 ~ 1.03. 
A negative coterminal angle is 1.03 — 2 ~—5.25. 
b) (2, —1) is in quadrant II. 
Use tan =~ 
x TT e+ 361 
= or 0.5 rae Bk: 
~) ,| #= +268 


Then, the reference angle is 0 ~ 0.4636.... 
One positive angle, in quadrant III, is + 8 or 


approximately 3.61. A negative coterminal angle 
is 3.61 — 2a ~ —2.68. 
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c) (3, 2) is in quadrant II. 
Use tan@ =~ 
x 


—. 
—3 
Then, a reference angle is 0 ~ 0.588.... 


One positive angle, in quadrant II, is 7 — 9 or 
approximately 2.55. 

A negative coterminal angle is —1 — 0 or 
approximately —3.73. 


d) (5, —2) is in quadrant IV. 


Use tan 0 = y 
x 


Bess 
a 
Then, a reference angle is 8 ~ —0.38. This 


angle is in quadrant IV. 
A positive coterminal angle is 2a + 8 or 
approximately 5.90. 


Section 4.3. Page 202 Question 6 


x 7 : ; 
a) cos@ =—. 300° is in quadrant IV, so the x-coordinate of a point on the terminal arm is 
r 


positive. Therefore, cos 300° is positive. 


b) sin@ = Y | 4 radians is in quadrant III, so the y-coordinate of a point on the terminal 
r 


arm is negative. Therefore, sin 4 is negative. 


x bos ; : ‘ 
c) cot =—. 156° is in quadrant II, so the x-coordinate of a point on the terminal arm is 
8d 


negative and the y-coordinate is positive. Therefore, cot 156° is negative. 


d) csc@ = Y 935° is in quadrant II, so the y-coordinate of a point on the terminal arm is 
y 


positive. Therefore, cos 300° is positive. 
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13n . : _ ; 
e) tan = x a is coterminal with . and is in quadrant I, so the x-coordinate of a 
x 


: ‘ : ae : : i 132 
point on the terminal arm is positive and the y-coordinate is positive. Therefore, Se 


is positive. 


f) secO0= : 


8 = is coterminal with * and is in quadrant IV, so the x-coordinate of a 
x 


. ; . an IT. os 
point on the terminal arm is positive. Therefore, cara is positive. 


Section 4.3 Page 202 Question 7 


a) sin | 0.2~ 0.2014 
This means that an angle of 0.2014 radians has a sine ratio of 0.2. 


b) tan! 7 ~ 1.4289 
This means that an angle of 1.4289 radians has a tangent ratio of 7. 


c) sec 450° = Pare which is undefined because 450° is coterminal with 90° and 
cos 450° 
cos 90° = 0. 
d) cot (-180°) = —— "which is undefined because (—180°) is coterminal with 180° 
tan(—180°) 


and tan 180° = 0. 


Section 4.3 Page 202 Question 8 


a) Since P(8) = 2. y] lies on the unit circle, 


x+y=1 
3), 
—|+y=l 
E 4 
9 
ra (eee 
- 25 
ta 
4 25 
ae 
4 a 
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For P(8) to be in quadrant IV, y must be negative. So, y = -2 : 


b) fan Oe c) csc 8 = 
x y 
a 1 
a8 = 
3 “3 
5 5 
_ 4 a 
3 2.95 


Section 4.3 Page 202 Question 9 


a) cos 60° + sin 30° ona b) (sec A5°y — 
2 2 (cos 45) 
=| | ‘ } 
(2 
ere 
“2 
=2 
I sn) d) (tan 60°) — (sec 60°)” 
c) | cos— Beer 
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Section 4.3. Page 202 Question 10 


a) sin@ = ->. 0 <0 < 2z, means that 0 is in 


quadrant II or IV. The reference angle is 7 : 


71 


In quadrant II, 8 = 2 + ; , or 


In quadrant IV, 6 = 27 ; , or Hn ; 
b) cot 0 = 1,-21 <6 < 2z, means that 0 is in quadrant I 


or II. The reference angle is me 


7 


In quadrant I, 6 = i 


- ; Tl 
In quadrant I], for a positive rotation, 8 = 2 + re or 


5 
a . There is also a negative angle in the given domain 


3 
i. 


that falls in quadrant III; 8 =—a + ; , or — 


c) sec 8 = 2, -180° < 8 < 90°; cos 8 = 


NR 


means that 0 is in quadrant I or IV. The 
reference angle is 60°. 

In quadrant I, 6 = 60°. 

The negative rotation that is in quadrant IV 
is —60°. 


d) If cos” 6 = 1, then cos 0 = +1. 
In the domain —360° < 0 < 360°, 
6 = 0°, 180°, —180°, —360°. 
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Section 4.3. Page 202 Question 11 


a) cos 0 = 0.42, gives a reference angle 


of 0 = 1.14. 
Cosine is positive in quadrants I and IV. a 
So, in the domain —1 < 0 < 7, /\ 


@ ~ 1.14 in quadrant I and 
~—1.14 in quadrant IV. 


b) tan 0 =-4.87, gives a value of 
= —1.37. 
Tangent is negative in quadrants II and 


IV. So, in the domain = <O<_, 


In quadrant H, 8 ~ am — 1.37, so 0 ~ 1.77. 
In quadrant IV, 0 ~—1.37. 


c) csc 8 = 4.87, means sin 0 =F orsind = 0.2053. 


This gives a value of 8 ~ 11.85°. 

Sine is positive in quadrants I and II. Consider the 
domain —360° < 8 < 180°. 

For positive rotations: in quadrant I, 8 ~ 11.85° and in 
quadrant II, 8 ~ 180° — 11.85°, or 168.15°. 

For negative rotations: 

in quadrant I, 8 ~ 11.85° — 360°, or —348.15°, and 

in quadrant IT, -180° — 11.85°, or -191.85°. 


d) cot 0 = 1.5, means tan 0 = aot tan 0 ~ 0.6666. 


This gives a value of 0 ~ 33.69°. 

Tangent, and cotangent, is positive in quadrants I 
and III. Consider the domain —180° < 0 < 360°. 

For positive rotations: in quadrant I, 8 ~ 33.69° and 
in quadrant II, 8 ~ 33.69° + 180° or 213.69°. 

For negative rotations: 

in quadrant II, 8 ~ -180° + 33.69° or -146.31°. 
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Section 4.3 Page 202 Question 12 


a) Given sin =, and 5 <O<t, then 6 must 


be in quadrant II, as shown. The x-coordinate 
must be 3, since this is a 3-4-5 right triangle. 3 
The other five trigonometric ratios are: 


A 
cos0 =~ tan@ = 
's x 
ee: _3 
5 4 
r r x 
esc 8 = — sec § = — cot § = — 
y x 
_5 ae) eas 
3 4 3 


b) Given cos@ = 


=D) 
3 


,and -1<0< = , then 6 must be in quadrant II or II, with 


x= 240 and r= 3, as shown. 
Determine the y-coordinate. 


xty=r 
x? +y = r 
2 
(-2v2) as 
8ty =9 
y=tl 
The other five trigonometric ratios are: 
sind =~ tan@=~ 
r x 
= gl _ #1 
3 2/2 
2 
=+<" 
4 
cscQ = +3 sec = a cot@ =+2/2 


2/2 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 4 Page 44 of 85 


c) Given tan0 = : and —360° < 8 < 180°, 6 is in quadrant I or II, as shown. 


Determine the measure of r. 


X+y=r" ‘ 
i 2 
3742 =r : 
13=r’? ! 3 
r= 13 
sin@ =~ cos8 = — 
r 
a4. 2 =+ 3 
13 13 
aie pene seth 
2, 3 5 


4/3 3 V3 


d) Given sec@ = 7 cos = or 4” and —180° < 8 < 180°, then @ is in quadrant 


I or IV, with x = 3 and r= AY3. 
Determine the y-coordinate. 


v+yer 
3? 4? =(4V3) 
9+y* =48 
y =+ 39 
sin@ =~ tan0 => 
r x 
39 V13 39 
= or a aS a 
4 
poets or 4 AvI3 cot@=+ S or N39 
39 13 39 13 


Section 4.3 Page 203 Question 13 


Sketch the angle with point B(—2, —3) on its terminal arm. It is in quadrant III. 
Use the Pythagorean theorem to calculate the measure of r in the right triangle with 


x =—2 and y =— 3. The measure of r is 13 . The exact value of cos 0 can be determined 


as 
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Section 4.3 Page 203 Question 14 


a) — = B=, so the angle of 4900° is 13 complete revolutions plus 220°. 


b) 220° puts the terminal arm in quadrant III. 
c) Since 220° is 40° past 180°, the reference angle is 40°. 


d) sin 4900° = —0.643, cos 4900° = —0.766, tan 4900° ~ 0.839, 
csc 4900° ~—1.556, sec 4900° ~ —1.305, cot 4900° = 1.192 


Section 4.3 Page 203 Question 15 


a) sin(cos | 0.6) = : or 0.8. 


To evaluate cos | 0.6 find an angle whose cosine is 0.6. In other words, cos 0 = == « 
E 


bad 


or =. This means 8 can be determined using a 3-4-5 right triangle. Then, the sine of this 


angle is sin 8 = yu =. 
r 


b) cos (sin | 0.6) is very similar to the result in part a), the only difference being the 
orientation of the 3-4-5 right triangle. So, the positive value of cos (sin ' 0.6) is 0.8. 


Section 4.3 Page 203 Question 16 


a) Jason is not correct. He used degree mode, when he should have chosen radian mode. 


b) First choose radian mode. Determine cos (| and then use the reciprocal key to 


determine sec (“*) The correct answer is approximately 1.603 875 472. 
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Section 4.3 Page 203 Question 17 


a) sin 1 ~ 0.841, sin 2 ~ 0.909, sin 3 ~ 0.141, sin 4 ~—0.757 
So the values in increasing order are sin 4, sin 3, sin 1, sin 2. 


b) 4 radians is in quadrant II, so sin 4 is 
negative. 3 radians is very close to 7, so close to 
0, but positive. The value of 7/2 is 
approximately 1.57, so sin 2 is closer to the 
y-axis, where sine has value 1, than is sin 1. 


c) Cosine uses the x-coordinates which increase 
from left to right on the diagram. So the order is 
cos 3, cos 4, cos 2, cos 1. 

Check: cos 3 = —0.999, cos 4 = —0.654, cos 2 ~ —0.416, cos 1 ~ 0.540 


Section 4.3 Page 203 Question 18 


a) As P moves around the wheel it can move from closest to the piston at (1, 0) to 
furthest away at (—1, 0). So the maximum distance that Q can move is 2 units. 


b) Ata speed of rotation is 1 radian/s, 
after 1 min the wheel will have travelled 
through 60 radians. 

oY 2055 

2m 

The wheel will have made 9 complete 
turns plus 0.55 of the next turn. This will 


put P in quadrant III at an angle of 


rotation of (0.55)2z or approximately 
3.451 33 radians. 


c) After 1 s, P will have moved 1 radian 


and pulled Q to the left a distance of 1 7 
1 —cos 1, or 0.46 units, to the nearest 
hundredth. 1 ! 
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Section 4.3 Page 203 Question 19 


a) A(-3, 4), domain 0 < 0 <4n 

Using the coordinates of A, tan = =. 
The reference angle is 0 ~ 0.93. 

A(-3, 4) is in quadrant II, so in the domain 0 < 0 < 4z, 
0=n—0.93, or 2.21, and 0 = 2+ 2.21, or 8.50. 


b) B(5, —1), -360° < 0 < 360° 


Using the coordinates of B, tan®@ = = =—-0.2. 


The reference angle is 8 ~ 11.31°. 

B(5, —1) is in quadrant IV, so in the domain —360° < 0 < 360°: 
for negative rotations: 8 ~—11.31° 

for positive rotations: 8 ~ 360° — 11.31°, or 348.69°. 


c) C(—2, —3), domain = abe = 


Using the coordinates of C, tan®@ = = = 5. 


The reference angle is 0 ~ 0.98. 
C(—2, —3) is in quadrant III, so in the domain = <O0< = : 
for negative rotations: 0 ~ —2 + 0.98, or —2.16 


for positive rotations: 0 ~ 1 + 0.98, or 4.12 and 32 + 0.98, or 10.41 


Section 4.3 Page 203 Question 20 


ABCD 1s a 30°-60°-90° triangle, so it sides have the proportions shown. 
AABD 1s isosceles, so AD = BD = 2 units. 
Then in AABC, 
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tan 15° seu 
A 


7 Ree) 
Section 4.3. Page 204 Question 21 


Note: The text answers show a rationale using degrees. This solution provides an 

alternate, using radians. 

The distance between (0, 5) and (5, 0) is = 

For the angle of rotation, 8, with x = 2.5, 
24 


cos § = 22. persis. 0 = e 
> 2 3 


So, moving from (0, 5) to the point on the 
curve where x = 2.5, the angle of rotation is 


= This angle has an arc length of - 


which is one-third of = 


Section 4.3. Page 204 Question 22 


b) The new angle of rotation, R(2| , has the same terminal arm as the angle in standard 


position P [- : } So, R( 2) :. 2). The new angle of rotation, R(=). has the same 


terminal arm as the angle in standard position P = } So, R =) = c = 8) : 
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c) The angles in the new system are related to angles in standard position by determining 
which quadrant the terminal arm is in and then determining the positive rotation to reach 
that terminal arm. 


Ga) a) Ca) 


d) Bearings are measured clockwise from 0°. The new system is the same as bearings, 
except that bearings are measured in degrees. 


Section 4.3. Page 204 Question 23 


a) In AOBQ, cos 0 = ae, 
OQ OQ 
Therefore, sec 0 = : =OQ. 
cos 8 


In AOCD, ZODC = 6 (alternate angles). 


Then, sin 0 = Oe, 
OD OD 


So, csc 8 = _ OD. 
sin 8 


Similarly, cot 9 == CD. 


Section 4.3. Page 204 Question C1 


a) Paula is correct, sine ratios are increasing in quadrant I. 


v2 v3 


Examples: sin 0 = 0, sin ~ = 0.5, sin ~=*“ x 0.707, sin ~ =~" ~ 0.866, sin = = 1. 
6 4 2 2 2 


b) In quadrant II, sine is decreasing. In the unit circle, sine is given by the y-coordinate. 
As the end of the terminal arm moves past the y-axis, the y-coordinate decreases, from 1 
to 0. 
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c) The sine ratio increases in quadrant IV. The y-coordinate has a minimum value of —1 


3 . : 
at — and then its value increases to 0 at 0. 


Section 4.3. Page 204 Question C2 


In this regular hexagon, the diagonals will intersect at the origin and each of the six 
angles at the center will be 60°. 


The vertex in quadrant I is at 60° and has coordinates 


oo 


5 a . The vertex in quadrant II is at 120° and has 


i 2 


coordinates [2 The next vertex is at 180° and 


has coordinates (—1, 0). The vertex in quadrant III is at 


V3 


240° and has coordinates [-5. 4) . The vertex in 


> 


quadrant I'V is at 300° and has coordinates [t- : 


Section 4.3. Page 205 Question C3 


a) If the coordinates of P are (x, y) then yh 


slope of OP = A (\2 4 
x 
= tan0 Spi 0) 


b) Yes, the formula is true in all four quadrants. In 


quadrant IJ and IV the slope will be negative, as 
expected. 


c) An equation for the line OP, where O is the 
origin, is y = (tan @)x. 


d) For any line, the equation is y= mx + b, where m is the slope and b is the y-intercept. 


The slope can be defined in terms of a unit circle as tan 9, if the circle is not centred at the 
origin then a vertical translation of b units is needed. The equation is y = (tan 8)x + b. 
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Section 4.3 Page 205 Question C4 


a) sin sin” (4) = sin0 
a 
5 
(4 
b) cos tn (*) =cos0 
= 
5 


3 se a 8 
c) csc [cos (-2) =csc@ Sine and cosecant are positive in quadrant II. 


: 4 , Se os 
d) sin an” (-£) =sin(360°—8) Sine is negative in quadrant IV. 


4 


5 


4.4 Introduction to Trigonometric Equations 
Section 4.4 Page 211 Question 1 


a) The given sine ratio is positive, so in the domain 0 < 6 < 2z, there will be two 
solutions, one is quadrant I and one is quadrant II. 


b) The given cosine ratio is positive. The domain —2z < 0 < 27 is two complete rotations. 
There will be four solutions, two in quadrant I and two in quadrant IV. 


c) The given tangent ratio is negative. This is true in quadrants II and IV. So, in the 


domain —360° < 6 < 180° there will be three solutions, two in quadrant II and one is 
quadrant IV. 
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d) The given secant ratio, and thus the cosine ratio, is positive. This is true in quadrants I 
and IV. In the domain —180° < 0 < 180° there will be two solutions, one in quadrant I and 
one in quadrant IV. 


Section 4.4 Page 211 Question 2 


a) For 0= 3 , the general solution is 0 = ae 2mn, wherenel. 


b) For 0= =, the general solution is 0 = ss 2an, wherenel. 


Section 4.4 Page 211 Question 3 


a) 2cos0—- 3 =0 


2cos 0 = V3 
eee 
2 

Q=— 

6 


Cosine is positive in quadrants I and IV. So, in the interval 0 < 8 < 22, 0= Z and 


b) csc 0 is undefined when sin 0 = 0. So, in the domain 0° < 0 < 360°, 8 = 0° and 0 = 
180°. 


c) 5—tan’0=4 
1= tan’ 0 
tan@ =+1 


So, the reference angle for 0 is 45°. 
In the domain —180° < 0 < 360°, 8 = —135°, -45°, 45°, 135°, 225°, and 315°. 


d) sec0+/2 =0 
sec =—J2 


1 
cos § = —-—— 


DB 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 4 Page 53 of 85 


The reference angle is a , 


Cosine is negative in quadrants II and III. 
So, in the domain —a < 0 < = ,9= = ; an all 


Section 4.4 Page 211 Question 4 


a) tan 0 = 4.36 
0 =tan ! 4.36 
0 = 1.35 


Tangent is positive in quadrants I and III. 
So, in the domain 0 < 0 < 2a, 0 ~ 1.35 and @=2 + 1.33, or 4.49. 


b) cos 80 =-0.19 
9 =cos | (-0.19) 
0 = 1.76 


Cosine is negative in quadrants II and III. 
So, in the domain 0 < 0 < 2a, 0 ~ 1.76 and 8 = 2a — 1.76, or 4.52. 


c) sin8=0.91 
0=sin | 0.91 
021.14 


Sine is positive in quadrants I and II. 
So, in the domain 0 < 0 < 22, 0 = 1.14 and 8 = a— 1.14, or 2.00 


d) cot 0= 12.3 
6= tan! [ss 
12.3 

0 = 0.08 


Cotangent and tangent are positive in quadrants I and II. 
So, in the domain 0 < 8 < 27, 0 ~ 0.08 and 0 ~ 2 + 0.08, or 3.22. 


e) sec 8 = 2.77 
6 = cos! | 
2.77 
6 = 1.20 


Secant and cosine are positive in quadrants I and IV. 
So, in the domain 0 < 0 < 2a, 0 ~ 1.20 and 8 = 2a — 1.20, or 5.08. 
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f) csc 0 =—1.57 


Cosecant and sine are negative in quadrants II and VI. 
So, in the domain 0 < 0 < 22, 8 =2+ 0.69 or 3.83 and 0 = 22 — 0.69 or 5.59 


Section 4.4 Page 211 Question 5 


a) 3 cos0—1=4cos 0 
—l1=cos 8 
In the domain 0 < 0 < 22, 0 = a. 


b) V3 tan6+1=0 


tan @ = ge 


V3 


Tangent is negative in quadrants IJ and IV. 
In the domain —z < 0 < 27, 0== 7. 0= om and 0 = =. 


Cc) V2 sinx-1=0 
sin X =—= 

V2 

Sine is positive in quadrants I and II. 

In the domain —360° < 0 < 360°, 8 = —315°, —225°, 45°, and 135°. 


d) 3sinx—5=S5Ssinx—4 
—1=2 sinx 


“ 1 
sin X =—-— 
2 


Sine is negative in quadrants III and IV. 
In the domain —360° < x < 180°, x =—150° and —30°. 


e) 3cotx+1=2+4cotx 
—1=cotx 
tan x =—1 
Tangent is negative in quadrants II and IV. 
In the domain —180° < x < 360°, x = 45°, 135°, and 315°. 
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f) V3sec0+2=0 


secQ@ =— 


cos 8 = — 


Sips S| 


Cosine is negative in quadrants IJ and III. 


inthe dimaaneeesn b=" uy EO ed a 


6 6 6 


Section 4.4 Page 212 Question 6 


Domain Interval 
a) —2n<0<2n 0 <[-2, 27] 
| wbege | gel 

3 ce) os 2 
c) 0° <6 <270° 6 <[0°, 270°] 
d) 0<0<z 8 & [0, z) 
e) 0° <0 < 450° 8 € (0°, 450°) 
f) —2n<O<4n 8 € (-21, 47] 


Section 4.4 Page 212 Question 7 


a) 2cos°@—3cos0+1=0 
(2 cos 0— 1)(cos 8-1) =0 
2 cos 8—1=0 or cos0—1=0 


cos @= — or cos@=1 
In the domain 0 < 0 < 2z, 


0= ig an or 0=0 
a 3 


b) tan’ @—tan0—-2=0 
(tan 6 — 2)(tan 8+ 1)=0 
tanO0—2=0 or tan0+1=0 
tan 0 =2 or tan 0 =-1 
In the domain 0° < 8 < 360°, 
0 = 63.435°, 243.435° or 8 = 135°, 315° 
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c) sin’ 0—sin@=0 

sin 9 (sin 8-1) =0 

sin§=0 or sin@—-1=0 
sin 0 = 1 

In the domain 0 ¢€ [0, 27), 


0=0,7a or g== 
2 


d) sec” 0-2 sec 0-3 =0 
(sec 0 — 3)(sec 0 + 1) =0 
sec 9—3 =0 or sec0+1=0 
sec 0=3 or sec 9 =—1 
In the domain 0 € [—180°, 180°), 
= —70.529°, 70.529° or 8 =—180° 


Section 4.4 Page 212 Question 8 


Check for 8 = 180°: 


Left Side = 5 cos” 0 Right Side = 4 cos 0 
=5 cos” 180° =-4 cos 180° 
= 5-1) =-4(-1) 
=5 =4 

Left Side # Right Side 


So, 6 = 180° is not a solution. 


Check for 8 = 270°: 


Left Side = 5 cos” 0 Right Side = —-4 cos 8 
= 5 cos” 270° =—4 cos 270° 
= 5(0) =—4(0) 
=0 =0 


Left Side = Right Side 
So, 0 = 270° is a solution. 


Section 4.4 Page 212 Question 9 


a) In step 1, they should not divide both sides by sin 8 because this may eliminate one 
possible solution and if sin @ = 0 this division is not permissible. 


b) 2 sin’ 0 = sin 0 
2 sin? @— sin@ =0 
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sin 8 (2 sin 8— 1)=0 
sin8=0 or 2sin0—1=0 


doe 
2 
In the domain 0 < 0 <7, 
(were, 2 
6 


Section 4.4 Page 212 Question 10 


sin 0 = 0 when 0 = 0, 0 = a, or 0 = 2a. However the interval (1, 27) means m < 8 < 27. 
There are no values of 0 for which sin 0 = 0 in this interval. 


Section 4.4 Page 212 Question 11 


The equation sin 8 = 2 has no solution, because sin 8 has a maximum value of 1. This is 
true for all values of 8, so the interval is irrelevant. 


Section 4.4 Page 212 Question 12 


The trigonometric equation cos 0 = 5 does have an infinite number of solutions. Cosine 


is positive in quadrants I and IV, so in one positive rotation 8 = 60° and @ = 300°. 
However, all coterminal angles have the same value. In general, 6 = 60° + 360°n or 
8 = 300° + 360°n, where n € I. 


Section 4.4 Page 212 Question 13 
a) Check by substituting 8 = z into the original equation. 


Left Side = 3 sin? 0 —2 sin @ 
=3 sin? x—2sinz 


= 3(0) — 2(0) 
=6 
= Right Side 


The solution 9 = z is correct. 
b) 3 sin? 6—2 sin 0=0 


sin 6 (3 sin 8 —2)=0 
sin8=0 or 3 sin0—2=0 
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sin 8 = 


Wl hy 


In the interval 8 € [0, z], 
6=0,2 or 0 = 0.7297, 2.4119 


Section 4.4 Page 212 Question 14 


Use n, sin 8; = n) sin 05 

Solve for 82 when 6; = 35°, n= 1.000 29, and nz = 1.33. 
1.000 29 sin 35° = 1.33 sin 02 

1.000 29sin35° _ 4 


inO, 
1.33 
. _1( 1.000 29sin35° 
8, =sin” | ——————— 
1.33 
0, » 25.56° 


Section 4.4 Page 213 Question 15 


a) For sales of 8300, substitute y = 8.3 into y=5.9+2.4 sin( Z¢ -3) : 


8.3=5.94+2.4sin [Ec 3) 


8.3-5.9 =sin( 2-3) 


(t—3) 


rn 

_ 
a 
———N 
NIN 
Al 
SY 

ll 
ala ala 
os 
fond 

| 

WwW 
— 


7 
II 
lon - 


Sales of 8300 air conditioners are expected in the sixth month, June. 
b) Graph the function 
y= 5942.4sin{ £(e-3)] 


Minimum sales occur in the 12th month, 
gen” 
December. 


Ainimum 7 
H=LzZ.000002 “Y=3.5 
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c) The formula seems reasonable. In western Canada you would expect sales of air 
conditioners to peak in summer and be least in winter. 


Section 4.4 Page 213 Question 16 
9 sin’ 0+ 12sin0+4=0 
(3 sin 8 + 2)(3 sin 8 + 2) =0 


3sin0+2=0 
sin 8 = £2 
3 
0=sin! (5) 
3 
~—41.810 3149 


The reference angle is 41.8°, to the nearest tenth of a degree. 

Sine is negative in quadrants HI and IV. <This line was Nora’s error> 
The solution in quadrant III is 180° + 41.8° = 221.8°. 

The solution in quadrant IV is 360° — 41.8° = 318.2°. 


Section 4.4 Page 213 Question 17 


Examples: 
An equation such as cos x = 3 has no solution because the maximum value of cosine is 1. 
An equation such as sin x = —1, 0 < x <a, has no solution in the required interval, because 


a) 3 
sin. (-l)= —. 
(-1) > 


Section 4.4 Page 213 Question 18 


Given cot 0 = - , and @ is in quadrant III so x = —3 and y = -4. Using the Pythagorean 


theorem, r= 5. 


Then, sec 0 = Ene. 
x -3 
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Section 4.4 Page 213 Question 19 


a) For the ball at sea level, substitute h = 0. 


h=1.4sin (=) 
3 


Therefore, . =0,— =2,— = 22. ... 


So, in the first 10 s, the beach ball is at sea level at 0s, 3s, 6s, and 9s. 


b) The ball will reach its maximum height, for V4=1.4sinttme SIH 
the first time, half way between Os and 3s which is 
at 1.5 s. This will repeat every 6 s, so an 
expression for the time that the maximum occurs 
is 1.5+6n,neé W. 


A graph of the function y =1.4 sin| confirms 


this reasoning. 


c) Since sine has minimum value —1, the minimum value of y =1.4 sin( is —1.4. So 


the most the ball goes below sea level is 1.4 m. 
Section 4.4 Page 213 Question 20 


a) [= 4.3 sin 120at 
Substitute [= 0, then 0 = 4.3 sin120at 


0 =sin120zt 
sin8=0 at 0=0,7,2z7, ... 
0 =120at>t =0 


ma =120at—t ae 
120 


2n = 120at > t = — 
60 
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Since the current must alternate from 0 to positive back to 0 and then negative back to 0, 


it will take = s for one complete cycle or 60 cycles in one second. 


b) Each complete cycle takes = s, so to reach the first maximum will take one-quarter 
of that time period or or s. As a decimal this is approximately 0.004 167 s. 


1 : 
The cycle repeats every 60 S, So in general 
the current reaches its maximum value at 


Caw seconds, where n € W. A graph 


of y = 4.3 sin 120zt confirms these results. +g LL ¥=4 2999989 


c) The current is at its first minimum value at (13) or = s. As a decimal, this is 


0.0125. So in general, the current reaches it minimum value at (0.0125 + x n) seconds, 


where n e€ W. 


d) The maximum value of sine is 1, so the maximum value of this function is 4.3. The 
maximum current is 4.3 amps. 


Section 4.4 Page 214 Question 21 


v3 


The reference angle for cos '| —— | is = Cosine is positive in quadrants I and IV. 
g 5 6 p q 


So, in the domain —1 < x < a, 


~ Tm 1 1 
=— orx 7 
2 6 2 6 

2n 
X=— or x=— 
3 3 
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Section 4.4 Page 214 Question 22 


a) The left side of the equation, sin’ @ + sin 0 — 1, has the form x” +x — 1 and cannot be 


factored. 
—b+./h2 — 
b) In the quadratic formula, x = = ; wae , substitute a= 1, b=1,c=-l. 
a 
2 
ing EVO? -4OCED 
2(1) 
_-145 
2 


: ; B) we Se 
The only solution that makes sense is ; the other solution is less than —1 which is 


not a possible value for sine. 


=]¢55 


2 


c) From b), 6= sin” f Jo 0 = 0.67. 


This is the solution in quadrant I. In the domain 0 < 6 < 2z, there is another solution, in 
quadrant II. 8 ~ 2 — 0.668 = 2.48. 


Section 4.4 Page 214 Question 23 
a) The height of the trapezoid is 4 sin @ and the 


base of the trapezoid is 4 + 2 cos 9. 
Then, use the formula for the area of a trapezoid: 


ee sum of me sides ) h 


-( Sees 


2 
=(8+8cos0)2sin 0 
= 16sin 0(1+ cos®) 


)asino 


b) Substitute A = 12/3 in the formula from part a). 
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12V3 =16sin 0(1+cos0) 
mo = sin 0(1+cos0) 


33 


ae = sin 0(1+cos0) 


2 (3 = sin 0(1+ cos 8) 


2 


Then, sin0 = 2 and cos@ = ; which is true when 0 = - ; 


c) Example: Graph the function y = 16 sin x(1 + cos x) and identify the first maximum. 
The graph shown here is in radian mode. 
VIHLesintetiecostay) 


Aaxirum 
H=L.0628298 Y=20.778br9 H=L.0471984 Y=20.78461 


Section 4.4 Page 214 Question C1 


The methods and steps used to simplify linear and quadratic trigonometric equations are 

the same as those used for linear and quadratic equations. The major difference is the last 
steps when the inverse of trigonometric ratios have to be used and consideration of signs 
and domain is needed. 


Section 4.4 Page 214 Question C2 


a) The point is on the unit circle if x” + y’ = 1. 
For A: 

0.384 615 384 67 + 0.923 076 923 17=1 
Therefore A is on the unit circle. 


b) For a point on the unit circle, 
cos 0=x 

= 0.384 615 384 6 

= 0.385 
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1 
csc 8 =— Baeee 


xX 
1 _ 0.923 076 923 1 
~ 0.923 076 923 1 0.384 615 384 6 
=1.083 = 2.400 
c) 0=tan! (2.4) YA 
Az (0.4, 0.9) 


= 67.4° 
This answer seems reasonable. 


. . ; 1,0 
The x-coordinate is about one-third the ( 


x 
y-coordinate, so the angle is about two- 


thirds of the rotation from 0° to 90°. 


Section 4.4 Page 214 Question C3 


a) Example: A non-permissible value is a value for which an expression is not defined. 
For a rational expression this is any value that would lead to division by 0. In the rational 


equation ale Ox. 
x=] 


b) tan0= a = a so tan 8 is not defined for values that make cos 0 have value 0. 
cos@ x 


c) In the interval 0 < 0 < 4z, cos 8 = 0 when 0 = Z : = ; = : = . These are the non- 


permissible values. 
d) In general, tan 0 is not defined for 0 = of am, nel, 


Section 4.4 Page 214 Question C4 


a) 2 sin? 6 = 1—sin 0 
2 sin’ 0+ sind—-1=0 

(2 sin 8— 1)(sin 8+ 1)=0 

2sin0—1=0 or sinO+1=0 


sin 0= = or sin@=-1 


In the domain 0° < 0 < 360°, 6 = 30°, 150° or 8 = 270°. 
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b) The solutions are exact because both values for sin 0 are special values. 


c) To check, substitute the solution into both sides of the original equation. Both sides 
should have the same value. 
Example 8 = 270°: 


Left Side =2 sin? 0 Right Side = 1 — sin 0 
= 2 sin’ 270° = 1-—sin 270° 
=2C-1y =e }) 
= 2(1) =1+1 
=? = 


Left Side = Right Side 


Chapter 4 Review 

Chapter 4 Review Page 215 Question 1 

a) The terminal arm of 100° is in quadrant II. 

b) 500° — 360° = 140°; so the terminal arm of 500° is in quadrant IT. 

c) 10-22 =3.71, 3.71 —2 = 0.57; so the terminal arm of 10 radians is in quadrant III. 


d) - =4n+ * ; so the terminal arm of the angle is in quadrant II. 


Chapter 4 Review Page 215 Question 2 


a) 3H _ 5(180°) 
2 2 
= 450° 
tt ¥. 
b) 240° = 240( =) 240° 
180 
ae 

3 
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c) -405° =-405 (= 
180 


__9n 
4 


° ¥: 
d) —3.5 --35(= ) 


1 
7 630° 35 
1 


Chapter 4 Review Page 215 Question 3 


a) 20° = 20) = b) —185° =-185| 
180 180 
= 0.35 = —3.23 
180° 5x 5(180°) 
-1.75=-1. d) = 
ce) -1.75 73 ; ) es re 
~—100.27° = 75° 


Chapter 4 Review Page 215 Question 4 


a) 6.75 — 27 = 0.4668. 
The given angle is coterminal with 0.467 
and terminates in quadrant I. 


b) 400° — 360° = 40°. 
The given angle is coterminal with 40° 
and terminates in quadrant I. 


c) —3 is almost —2. ¥ 
2n— 3 ~ 3.28 

The given angle is coterminal with 3.28 

and terminates in quadrant II. 
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d) —105° is a negative rotation, past —90°. ¥ 
360° — 105° = 255° 

The given angle is coterminal with 255° 

and terminates in quadrant II. 


—10> 


Chapter 4 Review Page 215 Question 5 


a) All angles coterminal with 250° are given by the expression 250° + (360°)n, where n 
is any natural number. 


b) All angles coterminal with = are given by the expression = +2z2n, where n is any 
natural number. 


c) All angles coterminal with —300° are given by the expression —300° + (360°)n, where 
nis any natural number. 


d) All angles coterminal with 6 radians are given by the expression 6 + 21n, where n is 
any natural number. 


Chapter 4 Review Page 215 Question 6 
a) 80 000 rpm = 80 000(2z), or 160 000z radians per minute. 
b) 80 000 rpm = 80 000(360) degrees per minute 
_ 80 000(360°) 
60 
= 480 000°/s 


Chapter 4 Review Page 215 Question 7 


oF )-(F4] en 


1, 0) 
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b) P(-150°) = [- = 


Cc) = is coterminal with = so {-) = (0, 1). 


aya |N2 v2 ale ae 
ea (2.2) (2 =| 
»_f 18 
e) P(120°) = [-24| 


f) ne is coterminal with =. 


so, o(“)-[3.- 
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Chapter 4 Review Page 216 Question 8 


a) The diagram shows P (=) , with coordinates 


3.2 | . Then, (=) will be the same distance 


from each axis as P (=) is, but in quadrant II. So, its 


8) 


coordinates are | -—,— |]. 
2 2 


An 


3 


are -5. 8) . Similarly, P (=) will be the same distance from each axis, but in 


2 


> 


: ; 1 
quadrant IV. So, its coordinates are aes . 


b) If P(0)= (-22.2| , then @ is in quadrant II. 


P C + | will be in quadrant III and will have coordinates | 


le 
Nl] 


— 


1,0 
dy 


' 


P (=) will be the same distance from each axis, but in quadrant III. So, its coordinates 


c) P (=) is in quadrant II. Then, P ca "| , which is a rotation of x more, will be in 


quadrant IV. P(0)= P(Z+x| 
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Chapter 4 Review Page 216 Question 9 


In the interval —27 < 0 < 27: 


a) (0, 1) is on the y-axis, above the origin, so 0 = = and 0 = = 
b) M31 is in quadrant IV. 

2 2 

(1,0) 

Tl lla 
0= and 9 = ; 

6 6 vBo1 

2° 2 


1 1 
c) | -—=,—= | is in quadrant II. _ 
[ 2B a : [ 
p= Se. 
4 4 


d) -5. 2 is in quadrant II. 


j=. n=. 
3 3 


Chapter 4 Review Page 216 Question 10 


In the domain —180° < 8 < 360°: 


»(-2 


Ly es 
———,-— | is in quadrant 
2° 2 


(1.0) 


Ill. 
= —150° and 0 = 210°. V3 ) 


2° 2 


b) (—1, 0) is on the x-axis to the left of the origin. 
8 = 180°. 
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c) [2.2 is in quadrant II. 


d) (5-2) is in quadrant IV. 


= —60° and 6 = 300°. 


Chapter 4 Review Page 216 Question 11 


a) Given P(@) = (=. 2 , then 0 is in quadrant IV. 
tan =~ 
x 
BA 
303 
ese 
5 


Then, 0 ~ —42° or 318°, or (in radians) 0 ~ 5.55. 


b) 6 terminates in quadrant IV. 


c) P(® + 2) will be in quadrant II with coordinates (6.2) : 


d) P C +4) will be in quadrant I with coordinates Gea : 
e) P(@ -4) will be in quadrant II with coordinates [-2 8) ‘ 
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Chapter 4 Review Page 216 Question 12 


If cos 0 = 7 0° < 0 < 270°, then @ is in quadrant I. 


cos 8 = * sox=1andr=3. 
r 
Determine y: 
2 tye=r 
P+y=3? 
y =8 


y= <8 or 2V2 


Then, sino= Y= 2¥2 tan = 2-292 op 
r 3 x 1 
62 2, 3V2 sete! = 4 ee or V2 
y Oye 4 x 1 vy 28 4 


Chapter 4 Review Page 216 Question 13 


. ai : — oe : 
a) The terminal arm of =a is on the y-axis, above the origin. On the unit circle, its 


coordinates are (0, 1). 


; **) 
sin | —— |= 
2 


— ee | ee a |< 


b) The terminal arm of = is in 


quadrant II. Its reference angle is a 
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c) The terminal arm of = is in quadrant III. Its reference angle is a 


7m xX 
cot — =— 
6 


3 


=f 
d) The terminal arm of —210° is in quadrant II. Its reference angle is 30°. 
sec (—210°) = iz ; 
x os 
4 
V3 


2 
2 


3 3 
e) The terminal arm of 720° is coterminal with 0°. On the unit circle, its coordinates are 


(1, 0). 


tan 720° = = y 
x 
1 


a" 
0 


f) The terminal arm of 300° is in quadrant IV. Its reference angle is 60°. 


_r 


csc 300° 
Jy 
il 
iB 
2 
. # 2V3 
a ar 
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Chapter 4 Review Page 216 Question 14 


a) sin 0 = 0.54, —21 < 0 < 2a. The sine value 
is positive, so 9 is in quadrant I or II. 
@ = 0.57, 2.57, -5.71, -3.71 


b) tan 6 = 9.3, —180° < 0 < 360°. Since the 
tangent value is positive, 8 is in quadrant I 
or III. 

0 = 83.86°, 263.86°, —96.14° 


c) cos 8 =-0.77, -1 < 0 <1. The cosine 
value is negative, so @ is in quadrant II 
or III. 

@ = 2.45, —2.45 


d) csc 0 = 9.5, -270° <0 < 90°. The 
cosecant value, and therefore the sine value, 
is positive, so 9 is in quadrant I or II. 

0 = 6.04°, -186.04° 


Chapter 4 Review Page 217 Question 15 
a) sin 285° = —0.966 b) cot 130° ~—0.839 


c) cos 4.5 =—0.211 d) sec 7.38 ~ 2.191 
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Chapter 4 Review Page 217 Question 16 


a) Example: A(-3, 4) is in quadrant II. y 
: A(-3, 4 
The angle of rotation measures 


approximately 125°. 


b) cos =~ 
r 
ss or —0.6 
5 
rsy 
@+tan@ =—+=— 
a aaa d) 0=cos 0.6) 
5 4 = 126,9°, or 2.2 
= — + — 
4 -3 
15+(-16) 
12 
aoe 
2 


Chapter 4 Review Page 217 Question 17 


a) cos’ 0+ cos 6 
= cos 0 (cos 0+ 1) 


b) sin? 6—3 sin@—4 
= (sin 8 — 4)(sin 8 + 1) 


c) cot? 6-9 
= (cot 0 —3)(cot 8 + 3) 


d) 2 tan? 6—9 tan 6+ 10 
= (2 tan 8 — 5)(tan 8 — 2) 


Chapter 4 Review Page 217 Question 18 


a) sin | 2 is impossible because the sine value of an angle is never 2. Sine has a 
maximum value of 1. 
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b) tan 90° is not defined because tan = and 90° is on the y-axis, So X is 0. Division by 
me 


0 is not permissible. 
Chapter 4 Review Page 217 Question 19 


a) 4cos0—3=0 
cos 0= a or 0.75 
4 


The cosine ratio is positive in quadrants I and IV, so there are two solutions in the domain 
0° <0 < 360°. 


b) sin0+0.9=0 

sin 8 = —0.9 
The sine ratio is negative in quadrants II and IV, so there are two solutions (both 
negative) in the domain —2 < 0 <7. 


c) 0.5 tan0—1.5=0 

tan 8 =3 
The tangent ratio is positive in quadrants I and III, so there is one solution (in quadrant 
III) in the domain —180° <8 <0°. 


d) csc 0 is undefined. This occurs when y = 0. So, in the interval 8 € [—2z, 42] there will 
be two angles which have their terminal arm on the y-axis in each of the three complete 
rotation, giving a total of six solutions. 


Chapter 4 Review Page 217 Question 20 


a) csc 0= V2, so sin® =~. The sine ratio is positive in quadrants I and I. The angle 


V2 


has reference angle 45°. Then, in the interval 0 € [0°, 360°], 8 =45° and 135°. 


b) 2 cos8+1=0,so cos 6 = -5. The cosine ratio is negative in quadrants IJ and III. 
The reference angle is z Then, in the domain 0 < 0 < 2a, 0 = = and 8 = =. 
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c) 3 tan 6 — V3 =0, so tan 0 = as or a The tangent ratio is positive in quadrants I 


V3 


and III. The angle has reference angle 30°. Then, in the domain —180° < @ < 360°. 
8 = 30°, 210°, and —150°. 


d) cot 86+ 1 =0, so cot 8 =—1. This means tan 0 = —1 too. The tangent ratio is negative in 
quadrants II and IV. The angle has reference angle m Then, in the domain -1 < 0 <7, 


0 = au and —~. 
4 4 


Chapter 4 Review Page 217 Question 21 


a) sin’ 0+sin6—-2=0 
(sin 0 + 2)(sin 8 — 1) =0 
sin 8 =—2 or sin 9 = 1 


The first equation yields no solution. In the domain 0 < 0 < 22, sin 8 = | for 0 = = 


N 


b) tan* +3 tan0=0 
tan 8 (tan 8 + 3) =0 
tan0=0 or tan0=-3 
In the domain 0° < 0 < 360°, 
80 = 180°, 360° or 0 = 108.435°, 288.435° 


Cc) 6 cos’ 8+ cos 0= 1 
6 cos’ 8+ cos 9—1=0 
(3 cos 0— 1)(2 cos 8+ 1)=0 


ese! or mea 
3 2. 


In the interval 8 € (0°, 360°), 
Q ~ 70.529°, 289.471° or @= 120°, 240° 


d) sec’ 0@—4=0 
(sec 0 — 2)(sec 0+ 2) =0 
sec 0 =+2 
cos 0 = ie 
2 
In the interval 0 € [-2, 2], 0 = ack ee as om 
3 3. 3. <3 
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Chapter 4 Review Page 217 Question 22 


For sin 0 = a , the angle must be in quadrant I or II. 


Examples: 

a) In the domain 0 < 0 < 2z, 0 = > =. 
5 4n 1 
3 b) 


b) In the domain —22 < 0 < ; ,9= 


c) In the domain —720° < 8 < 0°, 6 =—660°, —600°, —300°, —240°. 
d) In the domain —270° < 0 < 450°, @ = —240°, 60°, 120°, 420°. 


Chapter 4 Review Page 217 Question 23 


a) sinx= -5 , in radians. The sine ratio is negative, so x is in quadrants II or IV. 
The reference angle is z : 

7% 
In quadrant HI, x = rs +2an, nel 


11 
In quadrant IV, x = a +2an, nel 


b) sin x = sin’ x, in degrees. 
sin x — sin’ x =0 
sin x(1 — sin x) = 0 
sinx=0 or 1—sinx=0 
1 =sin x 
x= 0°, 180° or x= 90° 
In general, x = (180°)n, n € Iand x = 90° + (360°)n, n € I. 


c) sec xX + 2 = 0, in degrees. 
1 
sec X = —2, or cos X = “5 
The cosine ratio is negative, so x is in quadrants II or III. 


The reference angle is 60°. 
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In quadrant H, x =120°+(360°)n, nel 
In quadrant IH, x = 240° + (360°)n, nel 


d) (tan x — 1)(tanx — 3) =0, in radians. 
tanx—1=0 or tanx— J3 =0 
tanx=1 or tanx= J3 


™ T 
In general, ae ey nel and Ae nel, 


Chapter 4 Practice Test 


Chapter 4 Practice Test Page 218 Question 1 


Given cos 0 = aes the reference angle for 0 is 2 and @ is in quadrant I or IV. 


Of the possible answers, D is the best answer. 


Chapter 4 Practice Test Page 218 Question 2 


V3 


Given sin 8 = ee 0° < 8 < 360°. The sine ratio is negative in quadrants III and IV and 
the reference angle is 60°. So, 6 = 240° and 300°. C is the correct answer. 

Chapter 4 Practice Test Page 218 Question 3 

Given cot 0 = 1.4, the cotangent ratio is positive in quadrants I and II. 


In quadrant I, 6 ~ 0.620, and in quadrant III, 8 ~ 3.762. 
Answer A is correct. 
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Chapter 4 Practice Test Page 218 Question 4 


3 V7 


Given P [-2 : =| . For a 90° counterclockwise rotation the x-coordinate and y- 


V7 3 


coordinate switch and signs are adjusted for the new quadrants. So Q [2-2 ‘ 


Answer B is correct. 

Chapter 4 Practice Test Page 218 Question 5 

sin 8 (sin@ + 1)=0 

In the domain —180° < 6 < 360°, sin 8 = 0 at 0° and 180°. sin 8 =—1 at —90°and 270°. 
There are 4 solutions in the given domain. Answer B is correct. 


Chapter 4 Practice Test Page 218 Question 6 


a) Determine the circumference, to find the distance travelled in one rotation of the tire. 
C=nd 


= (75) 
Number of turns per second = =(T5K6 a8) 
=12.968 


So, a point on the tire moves through approximately 12.968(360°) or 4668.5° each 
second. In radians, this is approximately 81.5 radians each second. 


b) Ifthe diameter of the tire is 66 cm, then 


110(1000)( 180 ) 
7(66)( 60 oO ) 


= 14.737 
A point on the tire moves through approximately 14.737(27) or 92. 6 radians each 
second. 


Number of turns per second = 


The smaller tire has to make more turns to travel a given distance, so it will experience 
more tire wear. 


Chapter 4 Practice Test Page 218 Question 7 


a) The equation for any circle with centre the origin and radius 1 unit is 
oa 
x+y =1. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 4 Page 81 of 85 


b) Substitute into the equation from part a) and solve for the missing coordinate. 


12 2 
—+y =1 
25 f 
2_ 13 
af 23 
13 
=+—— 
4 5 
2, 
ii) 4 =1 
4 
ree | 
16 
pa 
16 
joes 
4 


For x < 0, the missing value of x is -2 ’ 


c) Example: If you know the y-coordinate of a point on the unit circle then you can use 
the equation x° + y’ = 1 to determine the corresponding x-coordinate. Then, the cosine 


adjacent 


is the same as the x-coordinate because in cos@ = , the adjacent is the 


hypotenuse 
x-coordinate and the hypotenuse is | in the unit circle. 


Chapter 4 Practice Test Page 219 Question 8 
a) The cosine is negative when the angle is in quadrant I or II. If you have determined 
that the solution in quadrant III is A, then A — 7 is the measure of the reference angle. 


The solution in quadrant II is m—(A—7) or 20— A. 


b) The general solution is given by each solution plus 21n, where n ¢€ I. 
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Chapter 4 Practice Test Page 219 Question 9 


2cos0 + V2 =0 
2cos@ =—V2 
af 3 
cos 8 = —-—— 
2 


The reference angle for @ is 7 The cosine is negative when the angle is in quadrant II 
or IL. 

3m 
In quadrant I: 0 = Re + 2an, where n ¢€ I. 


In quadrant II: 6 = = + 2an, wheren ¢€ I. 


Chapter 4 Practice Test Page 219 Question 10 

An angle measuring 3° is a very small angle with its terminal arm just above the x-axis 
in quadrant I, whereas 3 radians is a much larger angle, with its terminal arm close to the 
y-axis, in quadrant II. 

Chapter 4 Practice Test Page 219 Question 11 

a) —500° = -(360° + 140°), so the angle terminates in quadrant III. 

b) The reference angle for —500° is 180° — 140°, which is 40°. 

c) Since the angle is in quadrant II, 

sin (—500°) ~ —0.6, cos (-500°) ~ —0.8, tan (500°) ~ 0.8 

csc (500°) ~ —1.6, sec (-500°) ~ —1.3, cot (-500°) = 1.2 


Chapter 4 Practice Test Page 219 Question 12 


132 3 : a DT : : : 
a) For as one positive coterminal angle is a one negative coterminal angle is 


= . All coterminal angles are given by = + 2an, wheren € N. 


b) For —575°, one positive coterminal angle is 145°, one negative coterminal angle is 
—215°. All coterminal angles are given by 145° + (360°) n, where n € N. 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 4 Page 83 of 85 


Chapter 4 Practice Test Page 219 Question 13 


For the arc lengths, AB and CD, use the 
formula a = Or. 

For the arc length AB: 

AB = 1.48(1.3) 

For the arc length CD: 


CD = 2n(1)2- 
360 


Total length A to E = 1.48(1.3) + 1.9+ 2n(1) Tad 


= 7.7 
The length of this stretch of road is 7.7 km, to the nearest tenth. 


Chapter 4 Practice Test Page 219 Question 14 


Area AABC = | (base)(height) 


1 
5 (1) 
‘ h : . : h 
In AACD, sin A = b Alternatively, in ABCD, sin B= — 
a 
h=bsinA h=asinB 
Substitute for h in equation (1): Substitute for h in equation (1): 
Area AABC= xc sin A Area AABC = xc sinB 
1 : 1 ; 
=—bcsinA =—acsinB 
2 2 


Chapter 4 Practice Test Page 219 Question 15 
a) 3 tan’ 0-tan0—-4=0 
(3 tan 0 — 4)(tan 8+ 1) =0 
tan 0 = or tan @=-1 
Then, in the domain —1 < 0 < 27, 
an 3a 70 


~ 2.21, 0.93, 4.07 or 9 = ——, —, — 
4° 4° 4 
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b) sin’ 6 + sind—1=0 
Use the quadratic formula with a = 1, b= 1 andc=-1. 


—b+b? —4ac 


sin 89 = 
2a 

=e vl’ —4((-D 

- 2(1) 

_-14v5 

2 

Then, in the domain 0 < 0 < 27, 
0 = 0.67, 2.48 


c) tan’ 6 =4 tan 0 

tan’ 0 — 4 tan0=0 

tan @(tan 0 — 4) =0 

tan8=0 or tan0=4 

Then, in the interval 8 € [0, 27], 
0 =0, a, 21 or 0 ~ 1.33, 4.47 


Chapter 4 Practice Test Page 219 Question 16 


Use a ratio to determine the arc length. 
arclength — 210 
circumference 360 
arclength 210 


2n(8) 360 
arc length = 16a (3) 
360 
_ 281 
30 
= 29.32 


Jack travelled 29.32 m, to the nearest hundredth of a metre. 
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Chapter 5 Trigonometric Functions Graphs 
Section 5.1 Graphing Sine and Cosine Functions 


Section 5.1 Page 233 Question 1 


a) One cycle of the sine function y = sin x, from 0 to 2z, includes three x-intercepts, a 
maximum, and a minimum. These five key points divide the period into quarters: (0, 0), 


10 3m 
G 7 , (x, 0), (=. -1) , and (27, 0). 


c) The x-intercepts of the graph of y = sin x for —2a < x < 2m are —27, —n, 0, 2, and 27. 
d) The y-intercept of the graph of y = sin x is 0. 

e) For the graph of y = sin x, the maximum value is | and the minimum value is —1. 
Section 5.1 Page 233 Question 2 


a) One cycle of the function y = cos x, from 0 to 27, includes two x-intercepts, two 
maximums, and a minimum. These five key points divide the period into quarters: (0, 1), 


1 3 
G 0}, (x, —1), (=. 0), and (27, 1). 


b) 


Y= dOSs|x 


c) The x-intercepts of the graph of y = cos x for —2a < x < 27 are = ; ; ; ; , and 
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d) The y-intercept of the graph of y = cos x is 1. 
e) For the graph of y = cos x, the maximum value is 1 and the minimum value is —1. 


Section 5.1 Page 233 Question 3 


maximum 


minimum —1 -—1 
amplitude 1 1 
period 2n 2n 
domain {x | x€ R} {x | xe R} 


range fv|-le=v=tyveR}| |—-levetyveR} 
y-Intercept 0 1 
x-Intercepts 


uy 
mnel ztmnel 


Section 5.1 Page 233 Question 4 


a) For the function y = 2 sin 0, a= 2. The ; 1 i 
amplitude is |2|, or 2. b) For the function y = COs X, a= > 


The amplitude is u or —. 
2 2 


Horas tanct a oo _. 4 d) For the function y =—6 cos 0, a =-6. 
¢) For the function y=—~ sinx,a=—>. The amplitude is |-6|, or 6. 


1 
,or —. 


The amplitude is 3 
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Section 5.1 Page 233 Question 5 


a) For the function y = sin 40, b = 4. 
|b | 

_ 360° 
[4 
= 90° 


Period = 


The period is 90° or - 


Period = = 
|| 
_ 360° 
i 
3 
=1080° 
The period is 1080° or 6z. 
fess oo 2 
c) For the function y = sin 3 b= 5 
er ee Period <2" fyesinBx 1} Ft 
|| || | 
_ 360° _2n 
“Dp “By Yea N 
zi 3 CE] 
= 540° =3n 
The period is 540° or 3z. 


d) For the function y = cos 6x, b= 6. 


Period = : Period = es 
b| |b | 
_ 360° _ 2n 
| 6| | 6| 
= 60° _a 
3 


The period is 60° or - 
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Section 5.1 Page 233 Question 6 


a) For the function y = 3 cos x, a= 3 and b = 1. The graph of this cosine function will 
have an amplitude of 3 and a period of 27: choice A. 
b) For the function y = cos 3x, a= 1 and b = 3. The graph of this cosine function will 


have an amplitude of 1 and a period of = : choice D. 


c) For the function y = —sin x, a=—1 and b= 1. The graph of this sine function will have 
an amplitude of 1, be reflected in the x-axis, and have a period of 27: choice C. 


d) For the function y =—cos x, a=—1 and b= 1. The graph of this cosine function will 
have an amplitude of 1, be reflected in the x-axis, and have a period of 27: choice B. 


Section 5.1 Page 234 Question 7 


a) For the function y = 3 sin x, a= 3. The amplitude is |3|, or 3. The graph of this 
function is related to the graph of y = sin x by a vertical stretch by a factor of 3. 


b) For the function y =—5 sin x, a=—5. The amplitude is |-5|, or 5. The graph of this 
function is related to the graph of y = sin x by a vertical stretch by a factor of 5 and a 
reflection in the x-axis. 


c) For the function y = 0.15 sin x, a= 0.15. The amplitude is |0.15], or 0.15. The graph of 
this function is related to the graph of y = sin x by a vertical stretch by a factor of 0.15. 


d) For the function y = 5 sin xX, ad = -=. The amplitude is = , Or ; . The graph of 


this function is related to the graph of y = sin x by a vertical stretch by a factor of ; and a 


reflection in the x-axis. 
Section 5.1 Page 234 Question 8 


a) For the function y = cos 2x, b = 2. 


fo) 


|| 
_ 360° 
|2| 
=180° 
The graph of this function is related to the graph of y = cos x by a horizontal stretch by a 


Period = 


factor of z= . 
2 
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b) For the function y = cos (—3x), b=-3. 
360° 
|| 
_ 360° 
|-3| 
=120° 
The graph of this function is related to the graph of y = cos x by a horizontal stretch by a 


Period = 


1 an : 
factor of 3 and a reflection in the y-axis. 


c) For the function y = cos ; x, b= ; . 
Period = : 
| b| 
_ 360° 
“Til, 
h 
=1440° 


The graph of this function is related to the graph of y = cos x by a horizontal stretch by a 
factor of 4. 


d) For the function y = cos 3X b= ; : 
Period = : 
| b| 
_ 360° 
~ ]2) 
= 540° 


The graph of this function is related to the graph of y = cos x by a horizontal stretch by a 


factor of 2 . 
2 


Section 5.1 Page 234 Question 9 


a) For the function y = 2 sin x, a= 2 and b= 1. The amplitude is |2|, or 2. 


Period = Period = il 
| b| | b| 

_ 360° _ 20 

[1 [1 

= 360° =2n 
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b) For the function y =—4 sin 2x, a= —4 and b = 2. The amplitude is |-4], or 4. 


Period = Period = mad 
|| || 
_ 360° _ 20 
|2| |2| 
=180° =1 
: a 2 5 2 
c) For the function y = 3 sin “2 <= 3 and b= “a The amplitude is |—|, or — 
Period = av Period = an 
|| || 
_ 360° me: 
(2 - -7 
3 3 
= 540° =3n 


d) For the function y = 3 sin : x,a=3 and b= . . The amplitude is |3], or 3. 


Period = : Period = a 
| b| | b| 
_ 360° _ 2a 
~ al mil 
fl ; 
= 720° =4n 


Section 5.1 Page 234 Question 10 


maximum value — minimum value 
2 


a) Use Amplitude = 


The amplitude of graph A is ) , or 1, and the period is 4z. 


0.3—(=0.5) 


The amplitude of graph B is , or 0.5, and the period is 7. 


b) Graph A has the pattern of a sine curve. Since the amplitude is 1, a= 1. Using the 
period of 42 and choosing b to be positive 
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. 2 
Period = elle 


|b 

io 

|| 
b= 
Z 


So, the equation of the function in the form y = a sin bx is y= sin 5% 


Graph B has the pattern of a cosine curve. Since the amplitude is 0.5, a = 0.5. Using the 
period of z and choosing b to be positive 


peiede—™ 
| b| 

2 

7 =— 

| b| 

b=2 


So, the equation of the function in the form y = a cos bx is y= 0.5 cos 2x. 


c) Since graph passes through (0, 0), the sine function is the better choice. Since graph B 
passes through (0, 1), the cosine function is the better choice. 


Section 5.1 Page 234 Question 11 


a) For y =2 cos x in the interval [—360°, 360°]: 
Property | Points on the Graph of y= 2cos x | 


maximum | (360°, 2), (0°, 2), (360°, 2) 
minimum | (180°, —2), (180°, —2) 

x-Intercepts | (270°, 0), (90°, 0), (90°, 0), (270°, 0) 
y-Intercept (0, 2) 

period =| 360° 

range fv|-2<y<2 yeR} 


b) For y =-3 sin x in the interval [—360°, 360°]: 


Property Points on the Graph of y = —3 sin x 
maximum (—90°, 3), (270°, 3) 
minimum | (—270°, —3), (90°, —3) 
x-Intercepts sey ptoge| + 0) (0°, 0} 
| y-intercept | (0, 0) 
period 360° 
range {Vj|-3<v<3,veER) 
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c) For y= ; sin x in the interval [—360°, 360°]: 


Property Points on the Graph of y= 1 sin x 
maximum (—270*, 0.5) (90°, 0.5) 
minimum (—90°, —0.5), (270°, —0.5) 
(—360°, 0), (— 180°, 0), (0°, 0), 
x-Intercepts (180°, 0), (360°, 0) 
y-Intercept | (0,0) 
period 360° 
range fy|-05<y<05, ye R} 


d) Fory= 3 cos x in the interval [—360°, 360°]: 


Property Points on the Graph of y = —3 cos x 
maximum _| (— 180°, 0.75), (180°, 0.75) 
(—360°, —0.75), (0°, —0.75) 

oe | ear a 

x-Intercepts | (—270°, 0), (—90°, 0) (90°, 0) (270°, 0) 

y-intercept | (0, —0.75) 

period 360° 

range {v| -O0.75<y<075, ye R} 
Section 5.1 Page 234 Question 12 


a) Given y = 3 sin 2x and point A has coordinates (0, 0), find the 
coordinates of points B, C, D, and E. 
Since a = 3, the amplitude is |3|, or 3. Since b = 2, the period is 


20 
—, ora. 
|2| 


: Tl 
Point B, a maximum, occurs at one-quarter of the period: G 3] ‘ 


Points C and E, x-intercepts, occur at half the period and at the end of the period: G 0| 
and (2, 0). 


. joxs : 3m 
Point D, a minimum, occurs at three-quarters of the period: (=. - 3 ; 


b) Given y = 2 cos x and point B has coordinates (0, 2), find the 
coordinates of points C, D, E, and F. 

Since a = 2, the amplitude is |2|, or 2. Since b = 1, the period is 
2n. 
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Points C and E, x-intercepts, occur at one-quarter and three-quarters of the period: 


[5.0] and (2.0). 
2 2 


Point D, a minimum, occurs at half of the period: (a, —2). 
Point F, a maximum, occurs at the end of the period: (27, 2). 


c) Given y =sin > and point A has coordinates (47, 0), find the coordinates of points 


B, C, D, and E. 


; ; ; . 1 ws Me 
Since a = 1, the amplitude is |1|, or 1. Since b = oe the period is ap or 47. 


Z 
Point B, a maximum, occurs at one-quarter of the period: (—3z, 1). 

Points C and E, x-intercepts, occur at half the period and at the end of the period: (—2z, 0) 
and (0, 0). 

Point D, a minimum, occurs at three-quarters of the period: (—1, —1). 


Section 5.1 Page 234 Question 13 


The graphs of f(x) = sin 2x and 
f(x) = sin 3x the same amplitude of 1 


lV = sin 2x 


but different periods, a and S 


respectively. So, the maximum, 
minimum, y-intercepts, domain, and 
range are the same for both graphs. 
However, the x-intercepts are 
different. 


Section 5.1 Page 234—235 Question 14 


maximum value — minimum value 


2 
3—(—3) 


a) Use Amplitude = 


. ; : .,. 4 
The amplitude of the sine wave is , or 5, and the period is oe 


b) The amplitude of the sine wave is 


— . 7. 2 
=) , or 4, and the period is a 


Section 5.1 Page 235 Question 15 


a) The amplitude of the graph is _ 


, or 20 mmHg, and the period is 0.8 s. 
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b) The pulse rate for this person is 7“ or 75 beats per minute. 


Section 5.1 Page 235 Question 16 


Examples: 
Step 1 


haley Opposite | Hypotenuse | |, — _ opposite 
(cm) (cm) hypotenuse 
0° 0.0 3.9 sin 0° = 0 
15° 1.0 3.9 sin 15° = 0.26 
30° 1.9 3.9 sin 30° = 0.49 
45° 2.7 3.9 sin 45° = 0.69 
60° 3.3 3.9 sin 60° = 0.85 
75° 3.7 3.9 sin 75° = 0.95 
90° 3.9 3.9 sin 90° = 1 
105° a7 3.9 sin 105° = 0.95 
120° 3.3 3.9 sin 120° = 0.85 
135° 2.7 3.9 sin 135° = 0.69 
150° 1.9 3.9 sin 150° = 0.49 
165° 1.0 3.9 sin 165° = 0.26 
180° 0.0 3.9 sin 180° = 0 
Step 3 
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Section 5.1 Page 236 Question 17 


a) For a sinusoidal curve with amplitude 2, period 180°, and passing through the point 
(0, 0), the five key points that divide the period into quarters are (0, 0), (45°, 2), (90°, 0), 
(270°, —2), and (180°, 0). 


b) For a sinusoidal curve with amplitude 1.5, period 540°, and passing through the point 
(0, 0), the five key points that divide the period into quarters are (0, 0), (135°, 1.5), 
(270°, 0), (405°, —1.5), and (540°, 0). 

| y, 


Section 5.1 Page 236 Question 18 


a) Add the horizontal line y = a to the 


grid. The points of intersection with the 
graph of y = sin 0 will have the same 
y-coordinate as the point given. 
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b) Add the horizontal line y = a to the 


grid. The points of intersection with the 
graph of y = cos 0 will have the same 
y-coordinate as the point given. 


lin V3 gus lin V3 
a a el ee ee ee 
and [BEB ) 


6 2 


Section 5.1 Page 236 Question 19 


a) The graphs have the same maximum 
values, minimum values, period, domain, 
and range. 


V+ cos®@ 


b) The graphs have different x- and 
y-intercepts. 


c) Example: The graph of y = cos 0 will be the same as the graph of y = sin 9, if it is 


translated horizontally 7 units to the right. 
Section 5.1 Page 236 Question 20 


The function y = f(x) has a period of 6. For y = iG «| , b= —. So, the period for 


eae 
y= ity is po 
2 


Ne 


Section 5.1 Page 236 Question 21 


One method for determining the period is to graph the function and observe the length of 
a cycle from the graph. Another method is to use the formula. 


a) For the function y = —2 sin 3x, b= 3. 
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= : y = —2 sin 3x 


Section 5.1 Page 236 Question 22 


If sin 8 = 0.3 and the period of y = sin @ is 27, then sin (6 + 27) = sin (0 + 42) = 0.3. 
sin 0 + sin (0 + 27) + sin (8 + 47) 

=0.3+0.3 + 0.3 

= 0.9 


Section 5.1 Page 236 Question 23 


a) The graph of y= Vsinx will consists the portions of the graph of y = sin x that lie on 
or above the x-axis. 
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c) Since the range of y= sinx is {y|-l<y<1,y eR}, the range of y= sin x + 1 will be 
{y|O0<y<2,y © R}. In other words, the entire graph of y = sin x + 1 will lie on or above 
the x-axis. So, the graph of y= Vsinx+1 will exist for all values of x, as compared to the 


graph of y= Vsinx. 


d) The prediction in part c) is correct. 
{= 


Section 5.1 Page 236 Question 24 


The graph of f(x) = 5 cos x + 3 sin x is sinusoidal with a period of 27. 


y=Scosx+3smx 


Section 5.1 Page 236—37 Question C1 


C sine 
=sin(B) 


0.261799 
3 0.523599] 0.866025 
4 0.785398 
S 1.0472 
6 1.309 


0.258819) 0.965926 
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Steps 2-3 Step 4 


*Unsaved w 


*Unsaved w 


= ° 7.4 
. °55500° l8,cosine) 
ee 


Step 5 a) The x-coordinate of each point on the unit circle represents cos 0. The 
y-coordinate of each point on the unit circle represents the sin 0. 


b) The y-coordinates of the points on the sine graph are the same as the y-coordinates of 
the points on the unit circle. The y-coordinates of the points on the cosine graph are the 
same as the x-coordinates of the points on the unit circle. 


Section 5.1 Page 237 Question C2 


The value of (cos 0)” + (sin 0)’ is 1. 

The points on the unit circle have the coordinates (cos 0, sin 8). So, the sum of the 
squares of the legs of each right triangle is equal to the radius of the unit circle, which is 
always 1. 


Section 5.1 Page 237 Question C3 

Given: The graph of y = f(x) is sinusoidal with a period of 40° passing through the point 
(4, 0). 

a) The value of f(0) cannot be determined because the amplitude is not given. 


b) The value of f(4) is 0, as given. 


c) The value of f(84) is 0. Since the period is 40°, the graph will return to the same value 
every 40°. So, the y-coordinate at x = 4, x = 44, and x = 84 will be 0. 


Section 5.1. Page 237 Question C4 


a) The domain of both y = sin x and y = cos x is 
{x|x eR}. 


b) The range of both y = sin x and y = cos x is 
ty|-lsy<lyeR}. 


c) The period of both y = sin x and y = cos x is 27. 
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d) The amplitude of both y = sin x and y =cos xis 1. 

e) The graph of y = sin x has x-intercepts of n(180°), n € I. 

f) The graph of y = cos x has x-intercepts of 90° + n(180°), n € I. 
g) The graph of y = cos x has y-intercept 1. 

h) The graph of y = sin x has y-intercept 0. 

i) The graph of y = cos x passes through the point (0, 1). 

j) The graph of y = sin x passes through the point (0, 0). 

k) The graph of y = cos x has a maximum value at (360°, 1). 

I) The graph of y = sin x has a maximum value at (90°, 1). 

m) This is the graph of y = sin x. 

n) This is the graph of y = cos x. 

Section 5.1 Page 237 Question C5 
a) The graph of y = |cos x| can be obtained 
from the graph of y = cos x by reflecting all 


parts of the graph below the x-axis in the 
X-axis. 


b) The graph of y = |sin x| can be obtained 
from the graph of y = sin x by reflecting all 
parts of the graph below the x-axis in the 
X-axis. 


Section 5.2 Transformations of Sinusoidal Functions 
Section 5.2 Page 250 Question 1 


Compare each function to the form y = a sin b(x — c) + d. The phase shift is determined 
by parameter c, while the vertical displacement is determined by parameter d. 
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a) For y=sin (x—50°)+3,a=1,b=1, 
c= 50°, and d = 3. So, the phase shift is 
50° to the right and the vertical 
displacement is 3 units up. To sketch the 
graph, also use amplitude 1 and period 


360°, since there is no vertical or horizontal 


stretch. 


c) For y=sin(x+22)+5, a= 1,b=1, 
2n ee 
c= an and d= 5. So, the phase shift is 


= units to the left and the vertical 


displacement is 5 units up. To sketch the 
graph, also use amplitude 1 and period 27, 
since there is no vertical or horizontal 
stretch. 
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b) For y=sin (x+7),a=1,b=1,c=-4, 
and d = 0. So, the phase shift is 2 units to 
the left and there is no vertical 
displacement. To sketch the graph, also use 
amplitude 1 and period 27, since there is no 
vertical or horizontal stretch. 


d) For y=2 sin (x + 50°) — 10, a=2, 
b=1,c=-50°, and d =-10. So, the phase 
shift is 50° to the left and the vertical 
displacement is 10 units down. To sketch 
the graph, also use amplitude 2 and period 
360°, since there is a vertical stretch but no 
horizontal stretch. 
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e) First rewrite y =—3 sin (6x + 30°) —3 as 
y=-3 sin 6(x + 5°) —3. Then, a =-3, 

b= 6, c=—5°, and d=-3. So, the phase 
shift 1s 5° to the left and the vertical 
displacement is 3 units down. To sketch the 
graph, also use amplitude 3 and period 60°, 
since there is a vertical stretch and a 
horizontal stretch. Reflect the graph in the 
X-axis, since a is negative. 


y=|-3 sin (Gx + 30°) 3 


Section 5.2. Page 250 Question 2 


f) For y=3sin a :) 10,a=3, 


b= 


xe and d =—10. So, the phase 


oe se . ; 
shift is a units to the right and the vertical 


displacement is 10 units down. To sketch 
the graph, also use amplitude 3 and period 
4x, since there 1s a vertical stretch and a 


horizontal stretch. 
TI TW 


—32|-27r!| —7 |0 a | 2m | Su | 4 |X 


v= 3sin 3x} F)+ 10 


Compare each function to the form y = a cos b(x — c) + d. The phase shift is determined 
by parameter c, while the vertical displacement is determined by parameter d. 


a) For y=cos (x — 30°) + 12,a=1,b=1, 
c = 30°, and d= 12. So, the phase shift is 
30° to the right and the vertical 
displacement is 12 units up. To sketch the 
graph, also use amplitude 1 and period 
360°, since there is no vertical or horizontal 
stretch. 


Vy S cds (x 130°) + 112 
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b) For y=cos{ x | a= 1,b=1, 


c= > and d = 0. So, the phase shift is = 


units to the right and there is no vertical 
displacement. To sketch the graph, also use 
amplitude 1 and period 27, since there is no 
vertical or horizontal stretch. 
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c) For y=cos{ x+22 +16, a= 1,b=1, 
5a ae 
c= ae and d= 16. So, the phase shift is 


= units to the left and the vertical 


displacement is 16 units up. To sketch the 
graph, also use amplitude | and period 27, 
since there is no vertical or horizontal 
stretch. 


v= cos +} 16 


e) For y=4 cos (x—1)+4,a=4,b=1, 
c=, and d= 4. So, the phase shift is 2 to 
the right and the vertical displacement is 
4 units up. To sketch the graph, also use 
amplitude 4 and period 27, since there is a 
vertical stretch but no horizontal stretch. 


Vv = 4)C0s (x — 7) +/4 


Section 5.2. Page 250 Question 3 


d) For y=4 cos (x+ 15°)+3,a=4,b=1, 
c =—15°, and d =3. So, the phase shift is 
15° to the left and the vertical displacement 
is 3 units up. To sketch the graph, also use 
amplitude 2 and period 360°, since there is 
a vertical stretch but no horizontal stretch. 


|. 
y+ 400s (X + /T5/) +3 


f) First rewrite y=3eos{ 2x—2 +7 as 
y=3e0s2{ x] +7. Then, a=3,b=2, 
c= = and d= 7. So, the phase shift is 


Te 
— units to the right and the vertical 


displacement is 7 units up. To sketch the 
graph, also use amplitude 3 and period z, 
since there is a vertical stretch and a 
horizontal stretch. 


¥, 


Use the amplitude, a, and vertical displacement, d, to determine the maximum and 


minimum values. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 5 


Page 19 of 75 


a) i) Fory=3eos(x-™}+5,a=3,6=1,e= 5 and d= 5. 


maximum: d + |a| = 5 + |3| minimum: d —|a| = 5 —|3| 


So, the range of the function is {y|2<y<8,yeR}. 


ii) For y =—2 sin (x + 2) —3, a=-2, b=1,c=7, andd=-3. 
maximum: d + |a| =—3 + |-2| minimum: d — |a| =—3 — |-2| 


So, the range of the function is {y|-5 <y<-l,ye R}. 


iii) For y= 1.5 snx+4,a=1.5,b=1,c=0, andd=4. 

maximum: d + ja| = 4 +|1.5| minimum: d —|a| = 4—|1.5| 
=5.5 =2.5 

So, the range of the function is {y|2.5<y<5.5,y © R}. 


iy Bot ya" cnste 5044.4 2 lc So andd=— 
3 4 3 4 


maximum: d + |a| = - + a minimum: d — |a| = 2 — ca 
4 |3 4 |3 

_U ate 

12 12 


So, the range of the function is I “ <y< i. JE Rf 


b) To determine the range of a function of the form y = a cos b(x —c) + d or 
y =a sin b(x —c) +d, add and subtract the amplitude to/from the vertical displacement. 
This gives the maximum and minimum values of the function, and thus the range. 


Section 5.2. Page 250 Question 4 


a) For y =-2 cos 2(x + 4)— 1, a =-2, b=2, c=-4, and d =-1. So, the amplitude is |—2], 


tip tes ee : 
or 2, the period is ol or 1, the phase shift is 4 units to the left, and the vertical 


displacement is 1 unit down. Choice D. 


b) For y =2 sin 2(x— 4) -1,a=2, b=2,c=4, and d=~—1. So, the amplitude is |2], or 2, 


the period is 7 or 1, the phase shift is 4 units to the right, and the vertical displacement 


is 1 unit down. Choice C. 
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c) First, rewrite y = 2 sin (2x — 4)— 1 as y=2 sin 2(x— 2) — 1. Then, a=2, b=2,c=2, 
and d =—1. So, the amplitude is |2|, or 2, the period is a or 7, the phase shift is 2 units 
to the right, and the vertical displacement is 1 unit down. Choice B. 

d) First, rewrite y = 3 sin (3x —9)— 1 as y=3 sin 3(x — 3) — 1. Then, a= 3, b=3,c=3, 
and d =—1. So, the amplitude is |3|, or 3, the period is ee or 2 , the phase shift is 


|3| 


3 units to the right, and the vertical displacement is 1 unit down. Choice A. 
e) First, rewrite y= 3 sin (3x+2)—las y =3sin3(+2)-1. Then, a = 3, b=3, 

™ : : ley 21 2m ‘ 
c= “a0 and d=—1. So, the amplitude is |3], or 3, the period is Bl or a the phase shift 


3| 


is 3 units to the left, and the vertical displacement is 1 unit down. Choice E. 


Section 5.2. Page 250 Question 5 


a) For y=sin [x *), a=1,b=1,c= a and d= 0. So, the graph will have amplitude 


1, period 27, phase shift of 7 units to the right, and no vertical displacement. Choice D. 


b) For y=sin[x+),a- 1l,b=l1,c= qr and d= 0. So, the graph will have 


amplitude 1, period 27, phase shift of z units to the left, and no vertical displacement. 


Choice B. 


c) For y=sinx—1,a=1,b=1,c=0, and d=-1. So, the graph will have amplitude 1, 
period 27, no phase shift, and a vertical displacement of 1 unit down. Choice C. 


d) Fory=sinx+1,a=1,b=1,c=0, and d= 1. So, the graph will have amplitude 1, 
period 2z, no phase shift, and a vertical displacement of 1 unit up. Choice A. 
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Section 5.2. Page 251 Question 6 


a) For amplitude 4, period z, phase shift . to the right, and vertical displacement 6 units 


down, a= 4, b=2,c= : , and d =-6. Then, the equation of the sine function in the form 


y=asin b(x—c) + dis y=4sin2{ x2] 6, 


b) For amplitude 0.5, period 42, phase shift z to the left, and vertical displacement 


1 unit up, a= 0.5, b : 5c ; , and d = 1. Then, the equation of the sine function in 


the form y = a sin b(x—c) + d is y=ossing{x+2}41 


c) For amplitude ; , period 720°, no phase shift, and vertical displacement 5 units down, 


c =0, and d=-5S. Then, the equation of the sine function in the form 


a=—,b Z 
4 2 


: : toh 
y=asin b(x—c)+d is y=ssin 5x5. 


Section 5.2. Page 251 Question 7 


a) For a vertical stretch by a factor of 3 about the x-axis, horizontal stretch by a factor of 


: : . 1 
2 about the y-axis, and translated 2 units to the left and 3 units up, a = 3, b 5? c=-2, 
and d = 3. Then, the equation of the cosine function in the form y = a cos b(x—c) + dis 


y=3e0s5(x+2)43. 


. 1 
b) For a vertical stretch by a factor of 5 about the x-axis, horizontal stretch by a factor 


of : about the y-axis, and translated 3 units to the right and 5 units down, a= —,b=4, 


Nl 


c = 3, and d=-5. Then, the equation of the cosine function in the form 


y=acos b(x—c)+dis y= eos 4(x-3)-5, 
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3 ; : 
c) Fora vertical stretch by a factor of . about the x-axis, horizontal stretch by a factor 


. . ; mT. ; : 
of 3 about the y-axis, reflected in the x-axis, and translated 7 units to the right and 1 unit 


down, a= : ,b=—,c= ; , and d=~—1. Then, the equation of the cosine function in the 


form y = a cos b(x—c) + d is y=—Seose[ x-2)-1 


Section 5.2. Page 251 Question 8 


The colours of the wavelengths, in order from greatest to least period are red, orange, 
yellow, green, blue, indigo, and violet. 


Section 5.2. Page 251 Question 9 


For the piston to move faster, the period of the sine curve must be reduced. So, in the 
equation y = a sin b(x —c) + d, parameter b would be affected. 


Section 5.2. Page 252 Question 10 


a) Rewrite f(x) = 4 sin (2x — 6) + 12 as f(x) = 4 sin 2(x — 3) + 12. So, the phase shift, c, is 
3 units to the right. Stewart is correct. 


b) 


Section 5.2 Page 252 Question 11 


If the range of the original function is {y |—3 <y <3, y € R}, thena =3. 


a) For d=2: 

maximum: d + |a| = 2 + |3| minimum: d —|a| = 2 —|3| 
=5 =-] 

So, the range of the function becomes {y|—1 <y<5,y © R}. 

b) For d=-3: 


maximum: d + |a| =—3 + |3| minimum: d —|a| =—3 — |3| 


So, the range of the function becomes {y |-6 <y <0, y © R}. 
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c) For d=-10: 

maximum: d + |a| =—10 + |3| minimum: d —|a| =—10 — |3| 
=~] =-13 

So, the range of the function becomes {y |—13 <y<-7,y € R}. 


d) Ford=8: 

maximum: d + |a| = 8 + |3| minimum: d —|a| = 8 — |3| 
=11 =5 

So, the range of the function becomes {y|5<y<1l,y © R}. 


Section 5.2. Page 252 Question 12 


a) For the graph of f{x-4] , apply a b) For the graph of f[x+4) , apply a 
translation of a units to the right to the translation of i units to the left to the 
graph of f(x) = sin x. graph of f(x) = sin x. 

c) For the graph of f(x) + 3, apply a c) For the graph of f(x) — 4, apply a 
translation of 3 units up to the graph of translation of 4 units down to the graph of 
f(x) = sin x. f(x) = sin x. 


Section 5.2. Page 252 Question 13 


Given the range of a trigonometric function in the form y = a sin b(x —c) + d is 
{y|-13 <y<5,y © R}, then the amplitude is 
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maximum value — minimum value 


amplitude = 7 
ie 5—(-13) 
2 
a=9 


The mid-line is halfway between the maximum and minimum values. 
d maximum value + minimum value 


2 


_5+(-13) 
2 
=—4 


Section 5.2. Page 252 Question 14 


a) i) The amplitude is 


, or 3. 


a—(—)) 
2 


ii) The period is = a , or 27. 


iii) The start of the first cycle of the sine 
curve is to the right of the y-axis. So, the 


phase shift is a units to the right. 


iv) There is no vertical displacement. 
v) The domain is {x | x € R} and the 
range is {y|-3<y<3,yeR}. 

vi) Over the interval 0 < x < 21, the 
maximum value of y is 3, which occurs 


tgs. 
4 


- : — ‘ : 71 
vii) Over the interval 0 < x < 2, the minimum value of y is —3, which occurs at x = re 


b) i) The amplitude is a 


, or 2. 


ii) The period is 2x — 0, or 27. 
iii) The start of the first cycle of the cosine 
curve is to the right of the y-axis. So, the 


phase shift is 3 units to the right. 


iv) The vertical displacement is 2 units 
down. 


v) The domain is {x | x € R} and the range is {y| 4<y<0,y eR}. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 5 Page 25 of 75 


‘ Tl 
vi) Over the interval 0 < x < 2, the maximum value of y is 3, which occurs at x = —. 

2 

: os : : ai 
vii) Over the interval 0 < x < 2, the minimum value of y is —3, which occurs at x = 7s 


c) i) The amplitude is : — , or 2. 


ii) The period is La , OF 7. 
4 4 


iii) The start of the first cycle of the sine 
curve is to the right of the y-axis. So, the 


phase shift is 7 units to the right. 


iv) The vertical displacement is 1 unit up. 
v) The domain is {x | x € R} and the range is {y|-l<y<3,yeR}. 


; : . : ™ 
vi) Over the interval 0 < x < 27, the maximum value of y is 3, which occurs at x = > 
3 
and x = ~~. 
2 


vii) Over the interval 0 < x < 2z, the minimum value of y is —1, which occurs at x = 0, 
X=, and xX = 27. 


Section 5.2. Page 253 Question 15 


(-3) 


a) The amplitude, a, is = , or 2. 


The period is 21 — 0, or 27. So, b= 1. 

The start of the first cycle of the sine curve is on 
the y-axis. So, c = 0. 

The vertical displacement is 1 unit down. 
Locating the mid-line gives d=-1. 

So, an equation in the form y = a sin b(x—c) +d 
for the graph is y = 2 sinx—1. 


A> (2) 


b) The amplitude, a, is , or 3. 


The period is 2 — 0, or m. So, b = 2. 

The start of the first cycle of the sine curve is on 
the y-axis. So, c = 0. 

The vertical displacement is | unit up. Locating 
the mid-line gives d= 1. 

So, an equation in the form y = a sin b(x—c) + d 
for the graph is y = 3 sin 2x + 1. 
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, or 2. 


c) The amplitude, a, is 


The period is 5 — 0, or = So, b= 4. 


The start of the first cycle of the sine curve is to 


the right of the y-axis. So, c = a : 


The vertical displacement is 2 units up. Locating 
the mid-line gives d = 2. 


So, an equation in the form y = a sin b(x —c) + d for the graph is y = 2sin a( -4) vas 


Section 5.2. Page 253 Question 16 


(-) 


a) The amplitude, a, is <<, or 2. 


The period is 2 — 0, or m. So, b = 2. 
The start of the first cycle of the cosine curve is to 


the right of the y-axis. So, c = i ; 


The vertical displacement is 1 unit up. Locating the 
mid-line gives d= 1. 


So, an equation in the form y = a cos b(x —c) + d for the graph is y =2cos2 [ -*| ons 


(-3) 


b) The amplitude, a, is es or 2. 


The period is _(-%) , or 27. So, b= 1. 


The start of the first cycle of the cosine curve is to 


the left of the y-axis. So, c= 


The vertical displacement is 1 unit down. Locating 
the mid-line gives d=-—1. 


So, an equation in the form y = a cos b(x—c) + d for the graph is y = 2eos{ 3] = 


a) ot. = 


c) The amplitude, a, is 


The period is 3x — 2, or 27. So, b= 1. 
The start of the first cycle of the cosine curve is to 0 ey 
the right of the y-axis. So, c= 7. 
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The vertical displacement is 1 unit up. Locating the mid-line gives d= 1. 
So, an equation in the form y = a cos b(x —c) + d for the graph is y = cos (x —2) + 1. 


Section 5.2. Page 253 Question 17 


b) An equation in the form y = a sin b(x — c) + d for the graph is y = sin x. 


c) The graph of the cosine function shifted _ units to the right is equivalent to the graph 


of the sine function. 
Section 5.2. Page 253 Question 18 
The graph of the sine function shifted 5 units to the left is equivalent to the graph of the 


cosine function: g(x) = sin [x8] : 


Section 5.2. Page 253 Question 19 


a) i) For one cycle 30° <x < 390° of a cosine function in the form y = 3 cos b(x — c), the 
phase shift is 30° to the right, the period is 360°, and the x-intercepts are 120° and 300°. 
ii) The minimum is located at (210°, —3) and the maximum 1s located at (30°, 3) and 
(390°, 3). 


b) i) For one cycle 7 <x< = of a cosine function in the form y = 3 cos b(x — c), the 
phase shift is : to the right, the period is 2, and the x-intercepts are 5 and a. 


ii) The minimum is located at (=. 3) and the maximum is located at (4.3) and 


3) 
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Section 5.2. Page 253 Question 20 


The amplitude, a, is a or 50. 


TU 


2640 
The start of the first cycle of the cosine curve is 1.75 mi, or 9240 ft, to the right of the y- 
axis. So, c = 9240. 


The period is 2.75 — 1.75, or | mi, which is equivalent to 5280 ft. So, b = 


The vertical displacement is —— , or 5050 units up. So, d = 5050. 


So, an equation in the form y = a cos b(x —c) + d for the pattern is 


* _(x—9240) +5050. 
2640 


y =50cos 


Section 5.2. Page 254 Question 21 


The graphs appear to be equivalent. 


ators fyb AN 


JN JN 


Section 5.2. Page 254 Question 22 


An outside noise sound wave with amplitude 4 and period a has equation y = 4 sin 4x. 


To cancel this, the headphones must produce a sound wave that is shifted by x units: 
y=4 sin 4(x +7). 


Section 5.2. Page 254 Question 23 


a) 
12 ES Soin SeO SES cee o 


V=c26.540R1¢ 


b) February 12 is day 42. Use the graph from part a) or the formula. 
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A=-23.5sin 2°? (x4102)+41 
365 


= -23,5sin >”? (424102) +41 
365 


51840 


=—23.5sin +41 
365 


= 26.5 
The sun’s angle of inclination on February 12 is approximately 26.5°. 


c) Find the maximum value of the graph. The angle of 
inclination is the greatest in Estevan on approximately 
day 171 or June 21. 


Aaximur 
n=Lri.74998 T=64,5 


Section 5.2. Page 254 Question 24 


20 


a) The period of r= 1.75 sin 5 is , or 4. So, the time for one full respiratory cycle 
Tl 


2 


is 4s. 


b) The number of cycles per minute is *. or 15. 


) 


d) Substitute t = 30. 


r= 1.75 sin ie 
2 


= 1.75 sin 50 


= 1.75 sin 152 
=0 
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The rate of air flow at a time of 30 s is 0 L/s. In the context of the respiratory cycle, this 
corresponds to when the lungs are either completely full or completely empty. 


e) Substitute t= 7.5. 


r= 1.75 sin le 
2 


= 1.75 sin 5 (75) 


= 1.75 sin 3.752 

= —1.237 
The rate of air flow at a time of 7.5 s is approximately —1.237 L/s. In the context of the 
respiratory cycle, this corresponds to a portion of the cycle when air is flowing out of the 
lungs. 


Section 5.2 Page 254 Question 25 


Tecate cast OH 


b) From the graph, the maximum value is 2 and the minimum value is approximately —2. 
So, the amplitude is 2. 
Locate the start and end of a cycle. The period is approximately 62.8 or 20z. 


fero 
n= SL.41593 [=o 


Section 5.2. Page 254 Question 26 


a) From question 17, sin x = cos (x — 90°) or sin x = cos c — 3 : 


i) Then, 4 sin (x — 30°) = 4 cos (x — 120°). 


ii) Then, 2 sin x" | =cos x72), 
4 4 
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iii) Then, —3 cos [x-] =3 sin(x—7). 
iv) First rewrite, cos (-2x + 67) as cos (—2(x — 32)). Use the fact that 


cos (—x) = sin c 4) . Then, cos (—2x) = sin af xe) 


cos (-2(x — 3m)) = sin 2{ x+2—3n 


= sin 2 x-EE) 
4 
= sin of x) 
4 


b) See explanation for part a) iv) above. 
Section 5.2 Page 255 Question 27 


Examples: 


a) Given: sine function with amplitude 3, maximum (4.5) , and nearest maximum to 


the right at [=.5}. 


a=3 


The period is =-(-3) , or 27. So, b= 1. 


; Tl 
The maximum for a sine curve appears at one-quarter of the cycle, or x = es So, c=. 


maximum = d + |a| 
5=d + |3| 
d=2 
An equation for the sine function is y = 3 sin (x + 2) + 2. 
Alternatively, the maximum for a sine curve appears at three-quarters of the cycle to the 


. 3x . . ae 
left of the y-axis, or x = ars . So, c= 7. Then, an equation for the sine function is 


y=3 sin (x—1) +2. 
b) Given: sine function with amplitude 3, minimum ¢. 2) , and nearest maximum to 


the right at (4) é 


a=3 
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The distance between the minimum and the maximum of a sine function is one-half the 


period. The period is 22-4) , or 1. So, b = 2. 


be a : 3m 
The minimum for a sine curve appears at three-quarters of the cycle, or x = rs 


An equation for the sine function is y= 3sin2 c + 4 +1. 


Alternatively, the minimum for a sine curve appears at one-quarter of the cycle to the left 


of the y-axis, or xX = - . 80, c= ; . Then, an equation for the sine function is 
y= ssina( x2) +1. 


c) Given: sine function with minimum (-2, 3) and nearest maximum to the right at (0, 7). 


The amplitude is 


, or 2. 


The distance between the minimum and the maximum of a sine function is one-half the 
period. The period is 2(0 — (-1)), or 27. So, b = 1. 


; Tl 
The maximum for a sine curve appears at one-quarter of the cycle, or x = = So, c=-—. 


minimum = d — |a| 
3=d-(2| 
d=5 


An equation for the sine function is y = asin{ x + 4 oe 


Alternatively, the maximum for a sine curve appears at three-quarters of the cycle to the 


left of the y-axis, or x = = . 80, c= a . Then, an equation for the sine function is 
y= asin{ x32). 


d) Given: sine function with minimum (90°, —6) and nearest maximum to the right at 
(150°, 4). 


(-6) 


_ 4- 
The amplitude is — or 5. 


The distance between the minimum and the maximum of a sine function is one-half the 
period. The period is 2(150° — 90°), or 120°. So, b= 3. 
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The maximum for a sine curve appears at one-quarter of the cycle, or x = 30°. So, 
c= 120". 
minimum = d — |a| 

=o=d=|3| 

d=-1 

An equation for the sine function is y = 5 sin 3(x — 120°) — 1. 
Alternatively, since the period is 120°, the first maximum to the right of the y-axis occurs 
at x = 30°. So, c = 0. Then, an equation for the sine function is y = 5 sin 3x— 1. 


Section 5.2. Page 255 Question 28 


a) Given: P =a cos bt, where a represents the maximum distance 
from its equilibrium and b is the horizontal stretch factor. 

Use the formula for the length of an arc to determine a. 

arc length = (central angle)(radius) 


8 = a(20) 
8 
da — 
20 
2 
da => — 
5 
20 We Pb cost (Co Be eon 
The period is given by 22 ae : 
So, b= f ot 
98 ¥=. 30553607 
So, graph P = =005 a for0<t<5S. 


b) Substitute t = 6. 


ae a 
5 \ 20 
2 9.8 
=—cos ,|—— 6 
5 20 | ) 
= —0.196... 


The position of the pendulum is approximately —0.20 radians, or 3.9 cm along the arc to 
the left of the vertical. 
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Section 5.2. Page 255 Question C1 


For the graph of a sinusoidal function of the form y = a sin b(x—c) + d, 
* the parameter a changes the amplitude to |a| 
360° e 20 


|b] |bI 


* the parameter b changes the period to 


* the parameter c changes the phase shift 

* the parameter d changes the vertical displacement 

These parameters can be related to function transformations from Chapter 1: 
* vertical stretch by a factor of |a| and reflected in the x-axis if a < 0 


* horizontal stretch by a factor of a and reflected in the y-axis if b< 0 


* horizontal translation of c units, to right if c > 0 and to left if c < 0 
* vertical translation of d units, up if d > 0 and down if d <0 


Section 5.2 Page 255 Question C2 


a) The graphs appear to be identical. 


b) The graph of y = -sin x is a reflection in the x-axis of the graph of y = sin x. The graph 
of y = sin (-x) is a reflection in the y-axis of the graph of y = sin x. These result in the 
same graph. 


c) The graph of y =—cos x is a reflection in the x-axis of the graph of y = cos x. The 
graph of y = cos (-x) is a reflection in the y-axis of the graph of y = cos x. The two graphs 
will be reflections of each in the x-axis because the graph y = cos (—x) is the same as the 
graph y = cos x. 


d) The hypothesis in part c) is correct. 
he 


y + cos (4x) 
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Section 5.2. Page 255 Question C3 


Determine the height and base of the triangle. 
The height, CA, is the amplitude of f(x) = 5 sin x, or 5. 


The base, AB, is the distance between the x-intercepts 
C fixy=5sinx 


of the two graphs, a — = or 
Now, find the area of the triangle. 
A= toh 
2 
l(a 
= aba l(G 
{Z]o 
_ sn 
ae g(x) = 5 cos x 


The area of AABC is = units”. 


Section 5.2. Page 255 Question C4 


Given: equation of a sine function y = a sin b(x— c) + d, where a > 0 and b> 0. 
a) For the period to be greater than 27, 0 <b < 1. The other parameters do not affect the 
period. 


b) For the amplitude to be greater than 1 unit, a> 1. The other parameters do not affect 
the amplitude. 


c) For the graph to pass through the origin, c = 0 and d= 0. 
d) For the graph to have no x-intercepts, the entire graph must lie above or below the 


x-axis. Either d— a> 0 or d+a<0, respectively. The other parameters do not affect the 
x-intercepts. 


e) For the graph to have a y-intercept at a, c = — and d=0. 


f) For the length of one cycle to be 120°, b = 3. The other parameters do not affect the 
period. 
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Section 5.3 The Tangent Function 


Section 5.3 Page 262 Question 1 


a) tan0= . in quadrant I b) tan 96 = —— in quadrant II 
tan 0 = tan 8 =—1.7 
0=tan’ 1 0 = tan’ (-1.7) 
§ = 45° @ = 120.5° 
c) tan @ = —~— in quadrant IV d) tan@= . in quadrant ITI 
tan 0 =—1.7 tan 8 = 1 
@=tan ' (-1.7) §=tan | 1 
8 = 300.5° @ = 225° 


Section 5.3 Page 263 Question 2 


a) tan * is undefined b) tan Sie —] c) tan hy = 1 
2 4 4 
5a 
d) tan 0=0 e) tanzn=0 ee =e 


Section 5.3 Page 263 Question 3 
No, y = tan x does not have an amplitude because it has no maximum or minimum values. 


Section 5.3 Page 263 Question 4 


In the domain [—360°, 360°], I predict the other values of x with the same value as tan 60° 
will be —300°, —120°, and 240°. 
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T=Lersc0508 


Section 5.3 Page 263 Question 5 


Given: APON and AQOA are similar triangles. 


Q(!, tan 8) Any point on the unit circle has coordinates 


(cos 0, sin 8). 


A(1, 0) Then, from properties of similar triangles 


QA AO 
PN NO 
tand—s | 
sind cos@ 
‘anii= sin 8 
cos 8 


Section 5.3 Page 263 Question 6 
a) Fora terminal arm of angle 0 that intersects the unit circle at P(x, y), slope = ae, 
x 


b) Any point on the unit circle also has coordinates (cos 8, sin 8). So, the slope of the 
terminal arm can be expressed as slope = tan 0. 


sin 9 


c) In terms of sine and cosine, slope = % 
cos 


d) You can determine tan 8 when the coordinates of point P are known by tan 0 = ae 


x 
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Section 5.3 Page 263 Question 7 


a) In APOM, tan 0 = ae 
x 


b) Using cos 0 and sin 9, tan 0 = at : 
cos 8 


c) From parts a) and b), y= sin 8 and x = cos 9. 


Section 5.3. Page 264 Question 8 


a) 
8 tane 
g89.5° 11459 | 
g9.9° 572.96 | 
g9.999° 57 295.78 | 
~ gggggggg =| «(5729577951 


b) As 8 approaches 90°, tan 0 approaches infinity. 


c) I predict a similar result as 8 approaches 90° from the other direction. 


8 tane 
90.5° —114.59 
90.01° —5729.58 
90.001° —57 295.78 
90.000 001° =| —57 29577951 


As 8 approaches 90° from the other direction, tan 8 approaches negative infinity. 


Section 5.3. Page 264 Question 9 


a) From the diagram, tan 0 = . ; 


The period is 60 s. So, 8 = Ela or ay Then, 
60 30 


Tt 

tan —t= — 
30 5 

d=5 tan —t 
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security 
~~. _ camera 
---->----3 


midpoint 
fence of fence 
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c) Substitute t= 10. 


d=5 tan Tt § 
30 


1 
=5 tan —(10 
aa ) 


=5 tan ~ 
3 


= 5y3 

= 8.7 
The distance from the midpoint of the fence at 
t= 10s is 8.7 m, to the nearest tenth of a metre. 


d) When t= 15,d=5 tan ; , which is undefined. The camera is pointing along a line 


parallel to the wall and is turning away from the wall. 


Section 5.3. Page 264 Question 10 


a) From the diagram, tan 0 = ee 

500 
Sane 2n light 

The period is 2 min. So, 8 = —t or at. Then, ray d 

2 lighthouse 
d beacon 
tan mt = 500 r 8 | 
d= 500 tan xt a — 


The equation that expresses the distance, d, in metres, as 
a function of time, t, in minutes is d = 500 tan at. 


b) 
q=EOokanC TH 


V=6HH8.19096 


; 90 
c) The asymptote in the graph at 0 = 90°, or t= — represents the moment when the ray 
Tl 


of light shines along a line that is parallel to the shore. 
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Section 5.3 Page 265 Question 11 


d plane 


tan xX = — 
10 


d=10tanx 10 km 


antenna 


n=. BSS9b1ie Y=1i0 


Section 5.3. Page 265 Question 12 
a) Since Andrea measures the length of the shadow of a pole and calculates the slope of 
the string from the top of the pole to the ground, I would expect the graph representing 


her data to show a tangent function. 


b) When the Sun is directly overhead and no shadow results, the slope of the string is 
undefined. This is represented by a vertical asymptote in the graph. 


Section 5.3 Page 265 Question 13 


3 
a) Choose the integral point (4, 3). ea ee 
3 (4, 3) 
b) From the diagram, tan 0 = ri : 


c) The slope of the line is tan 9. 


Section 5.3 Page 265 Question 14 


a) Substitute x = 0.5. 


Left Side Right Side 
x? 2x> 17x! 
tan x ee a5 315 
= tan 0.5 Hes os = 2(0.5)° n 17(0.5)’ 
= 0.546 302... 3 15 315 
= 0.5463 = 0.546 254... 
= 0.5463 


Left Side = Right Side 
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b) Substitute x = 0.5. 


Left Side Right Side 
x xX x! 
. x + 
sin x 6 120 5040 
= sin 0.5 OS. 0S Of! 
=(5 + 
= 0.479 425... 6 120 5040 
= 0.4794 = 0.479 525... 
= 0.4795 


Left Side ~ Right Side 


c) Substitute x = 0.5. 


Left Side Right Side 
x? x! x® 
COS X 2°24 = 720 
= cos 0.5 cs os 0s 
= 0.877 582... — > 4. 720 
= 0.8776 = 0.877 582... 
= 0.8776 


Left Side = Right Side 
Section 5.3 Page 265 Question C1 


While the domain of both sin x and cos x is {x | x € R}, the domain of tan x is 
{x [ese at nt,xeR,ne 1 . The domains differ because tan x can be expressed as 


sin x . = : 
. In this form, you can see that the domain is restricted to non-zero values of cos x. 


COS X 
Section 5.3. Page 265 Question C2 


a) The graph of the tangent function has b) The graph of the tangent function has 


asymptotes at the same locations as the x-intercepts at the same locations as the 
x-intercepts of the graph of the cosine x-intercepts of the graph of the sine 
function. function. 
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Section 5.3 Page 265 Question C3 

Example: A circular or periodic function repeats its values over a specific period. In the 
case of y = tan x, the period is z. So, the equation tan (x + 7) = tan x is true for all values 
of x in the domain of tan x. 

Section 5.4 Equations and Graphs of Trigonometric Functions 


Section 5.4 Page 275 Question 1 


a) From the graph, the solutions to the equation sin x = 0 in the interval 0 < x < 27 are 
x = 0, a, and 27. 


b) The general solution for sinx = 0 is x=na,neI. 


c) sin 3x =0 
sin | 0 = 3x 
3x = 0, a, 27, 32, 4a, 52, 67, ... 
For the interval 0 < x < 22, 
am 20 - An ST 


Section 5.4 Page 275 Question 2 


Examples: 
a) From the graph, x ~ 1.3 and x ~ 4.6. 


b) From the graph, x ~ —3, —2, 0.1, 1.1, 3.2, 4.2, 6.3, and 7.3. 
Section 5.4 Page 275 Question 3 


From the graph, the solutions to the equation 4 cos (2(x — 60°)) + 6 = 3 are 
x = —50°, —10°, 130°, 170°, 310°, and 350°. 


Section 5.4 Page 275 Question 4 


a) Determine the points of intersection for the graphs of y = —2.8 sin{ Ea -12) +16 


and y = 16. 
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Intersection... Intersection.  . 
n= Y=16 t= Y=16 


In the interval 0 < x < 27, the solutions are x = 0 and x= 6. 


b) Determine the points of intersection for the graphs of y = 12 cos (2(x — 45°)) + 8 and 
y=10. 


Intersection Intersection 
peer oe sel = Y=10 H=Boc0e9be = Y=10 


Intersection Intersection 
H=1B479rns Y=i0 naebe nese Y=1i0 


In the interval 0 < x < 360°, the solutions are x ~ 4.8°, 85.2°, 184.8°, and 265.2°. 


c) Determine the points of intersection for the graphs of y = 7 cos (3x — 18) and 
y=4. 


Intersection Intersection 
H=.027 66494 Y=4 H=L. 4902695 Ys 


Intersection Intersection 
f=2.22c08 Y=4 Fd | be = de 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 5 Page 44 of 75 


In the interval 0 < x < 27, the solutions are x ~ 0.04, 1.49, 2.13, 3.58, 4.23, and 5.68. 


d) Determine the points of intersection for the graphs of y = 6.2 sin (4(x + 8°)) — 1 and 


Intersection Intersection 
ne 42rBeSe YEH eS | de 


Intersection Intersection 
H=95 4276r H=112.66e2: Y=4 


Intersection Intersection 
H=1B5 .42ree TSH needs Geese TSH 


Intersection Intersection 
peer Ysera | Y=4 needs Geese YH 


In the interval 0 < x < 360°, the solutions are x ~ 5.44°, 23.56°, 95.44°, 113.56°, 185.44°, 
203.56°, 275.44°, and 293.56°. 
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Section 5.4 Page 275 Question 5 


a) Determine the points of intersection for the graphs of y = sin( 2x — 6) and y= 0.5. 


ker seckion 


I 
naLessssss  T=6 


In the interval 0 < x < 27, the solution is x = ; or approximately 1.33. 


b) Determine the points of intersection for the graphs of y = 4 cos (x — 45°) + 7 and 
y=10. 


Intersection —— Intersection 
H=S.EI0EFrA Y=10 H=Be.409eee Y=10 


In the interval 0 < x < 360°, the solutions are x ~ 3.59° and 86.41°. 


c) Determine the points of intersection for the graphs of y = 8 cos (2x — 5) and y= 3 in 
one cycle. 


Intersection Intersection 
H=L.9068002 =F H=3.0931998 =3 


The general solution is x ~ 1.91 + an and x ~ 3.09 + an, where n € I. 


d) Determine the points of intersection for the graphs of y = 5.2 sin (45(x + 8°)) — 1 and 
=-—3 in one cycle. 


MHR °* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 5 Page 46 of 75 


Intersection Intersection 
H=4.EQeBes? T=7F Har. 4OPsses T=7F 


The general solution is x ~ 4.5° + (8°)n and x ~ 7.5° + (8°)n, where n ¢€ I. 


Section 5.4 Page 276 Question 6 


a) For the population of a lakeside town with large numbers of seasonal residents that is 
modelled by the function P(t) = 6000 sin (t — 8) + 8000, a possible domain is domain 
{t|t>0,t € R} anda possible range is {P | 2000 < P< 14 000, P € N}. 


b) For the height of the tide on a given day that is modelled using the function 
h(t) = 6 sin (t—5) + 7, a possible domain is {t| t= 0,t € R} and a possible range is 
(AI Shel. ben; 
c) For the height above the ground of a rider on a Ferris wheel that can be modelled by 
h(t) = 6 sin 3(t — 30) + 12, a possible domain is {t | t>0,t € R} and a possible range is 
th|6<h<18,he R}. 
d) For the average daily temperature that may be modelled by the function 

2 . a ; 
h(t) = 9 cos ra — 200) + 14, a possible domain is {t | t= 0,t € R} and a possible 
range is {h|5<h<23,he R}. 


Section 5.4 Page 276 Question 7 
: ; ed 
If the fly’s wings flap 200 times in one second, the period of the musical note is a0 S. 


Section 5.4 Page 276 Question 8 


a) Given: sine function with first maximum at (30°, 24) and first minimum to the right of 
the maximum at (80°, 6) 


period: 2(80° — 30°) = 100° amplitude: 


=9 sinusoidal axis: y=6+9= 15 


b) Given: cosine function with first maximum at (0, 4) and first minimum to the right of 


the maximum at (2. — i) 
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; 2 4-(-1 
period: 2 = - 0| = — amplitude: — =10 
sinusoidal axis: y=—16 + 10 =-6 
c) Given: electron oscillates back and forth 50 times per second, the maximum occurs at 


+10, and the minimum occurs at —10 


10-(-10) 
a 


period: = s amplitude: =10 _ sinusoidal axis: y=—-10+ 10=0 


Section 5.4 Page 276 Question 9 


Given: h(t) = 13 cos [ae] AS 
0.7 
a) The maximum height of the point is 15 + 13, or 28 m. 


b) The maximum height is reached at VILE cosemaedey 
0 min, 0.7 min, 1.4 min .... 


c) The minimum height of the point is 15 — 13, or 2 m. 


d) The minimum height is reached at VIaLE costed ete 
0.35 min, 1.05 min, 1.75 min.... 


Trike r serch 
n=.ch019¢05 T=6 n=4S9R0794 Y=6 
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Within one cycle, the point is less than 6 m above the ground for approximately 
0.44 — 0.26, or 0.18 min. 


f) Determine the height at 1 h 12 min, or 72 min. 
h(t) = 13 cos [=e] +15 
0.7 
2m 
h(72) = 13 cos 7 AS 


h(72) = 23.105... 
The height of the point if the wheel is allowed to turn for 1 h 12 min is approximately 
23.1 mM, 


Section 5.4 Page 276 Question 10 


Substitute t = 17.5. 
h(t) = 59 + 24 sin 125t 
h(17.5) = 59 + 24 sin 125(17.5) 
h(17.5) = 78.54... 
The height of the mark, to the nearest tenth of a centimetre, when t = 17.5 s, is 78.5 cm. 


Section 5.4 Page 276 Question 11 
For a sinusoidal function that oscillates between —155 V and +155 V and makes 60 
complete cycles each second, a = 155, b = 1202, c = 0, and d= 0. An equation for the 


voltage as a function of time, t is V= 155 sin 120zt. 


Section 5.4 Page 277 Question 12 


a) The period of the satellite is ea or a days. 
28m 14 


b) It will take the satellite = (24)(60), or approximately 102.9 min to orbit Earth. 


60(24) 


c) The satellite will make 
102.9 


, or approximately 14 orbits per day. 


Section 5.4 Page 277 Question 13 
a) Determine the point of intersection of the graphs of 
F(t) = 500 sin = + 1000 and F(t) = 650. 


It takes approximately 15 months for the fox population é 
to drop to 650. 


Intersection 
H=14.9618 Y=6E0 
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c) 


caf Osim me Lecn-Lei+1_ Arctic Fox Lemming 
Maximum Population 1500 15 000 
Month 6 18 
Minimum Population 500 5000 
Month 18 6 


d) Example: The maximum for the predator occurs at a minimum for the prey and vice 
versa. The predators population depends on the prey, so every time the lemming 
population changes the arctic fox population changes in accordance. 


Section 5.4 Page 277 Question 14 


a) 


b) Substitute t = 2.034. 
h= 40 sin 0.526t 
= 40 sin 0.526(2.034) 
= 35.085 sx 
The guest will have swayed approximately 35.1 cm after 2.034 s. 


c) Determine the point of intersection of the graphs 
h = 40 sin 0.526t and h = 20. It will take approximately 
1 s for the guest to sway 20 cm. 


Intersection 
H=.SRE4S49s Y=e0 


Section 5.4 Page 278 Question 15 


a) From the graph, the maximum height of the Sun is approximately 7.5 Sun widths and 
the minimum height of the Sun is approximately 1 Sun width. 


b) The period is 24 h. 
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c) Since the amplitude is 3.25, a =-—3.25. Since the period is 24, b = a The sinusoidal 


axis 1s 1+ 3.25, or d= 4.25. Then, the sinusoidal equation that models the midnight Sun is 
y=-3.25 sin x + 4.25. 
12 


Section 5.4 Page 278 Question 16 


b) The temperature that is halfway 
between the maximum and minimum 
average monthly temperatures is 

19.7 — erase. 


c) The best fit curve is of the form y =—cos x. Since the amplitude is 
a 18.1, a= 18.1. Since the period is 12 months, b = = Since the 
minimum occurs in January, c = 1. From part b), d= 1.6. Then, a sinusoidal function to 
model the temperature for Winnipeg is T =—18.1 cos GM —1)+ 1.6, where T is the 


average monthly temperature, in degrees Celsius, and M is the time, in months. 


d) The model seems to fit the data relatively well. 
= "1B. cost tr pci 204+1_ 


e) Determine the points of intersection for the graph of the model and T= 16. 


Intersection Intersection 
H=B.Pe Pee Y= H=B.c4edore Y=16 


The average monthly temperature in Winnipeg is greater than or equal to 16 °C for 
approximately 8.24 — 5.78, or about 2.5 months. 
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Section 5.4 Page 278 Question 17 


a) The best fit curve is of the form y = —cos x. Use the turn on and off temperatures to 


determine a = aoeee , or 4.5. The period is 60 min, so b = a The sinusoidal axis is 


43 +34 : ; ; 
d= aude , or 38.5. Then, the equation that expresses temperature as a function of time 


is T=-4.5 cos —-t + 38.5. 
15 
b) Substitute t= 10. 
T=—4.5 cos a + 38.5 
30 
=-4.5 cos (10) + 38.5 
30 


=—4.5 cos : + 38.5 


= 30.25 
The temperature 10 min after the heater turns on is 36.25 °C. 


Section 5.4 Page 279 Question 18 


a) 


Height (cm) 


0 O16 | 112 | 118 | 2i4| 310 | 36 | t 
Time (5) 


2 . 
b) Example: From the graph, a = 10, b= ,c = 0.3, and d = 50. Then, the cosine 
equation for the distance, d, in centimetres, from the floor as a function of time, t, in 


seconds, is d= 10 cos E- 0.3) 30, 
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c) Substitute t= 17.2. 
d= 10cos - 0.3) + 50 


= 10 cos 72 — 0.3) +50 


= 43.308... 
The distance from the floor when the stopwatch reads 17.2 s is approximately 43.3 cm. 


d) Determine the first point of intersection of the graphs 
of 


d= 10cos Coe 0.3) + 50 and d= 59. 


The first time when the mass is 59 cm above the floor is 
approximately 0.085 s. 


Intersection ——————— 
H=.QB465056 Y=55 


Section 5.4 Page 279 Question 19 


a) The best fit curve is of the form y = —cos x. Since the radius is 10 m, a = 10. The 
period is 60 s, so b= aa Since the minimum height is 2 m, d = 2 + 10, or 12. Then, an 
equation to model the path of a passenger on the Ferris wheel, where the height, h, in 


: : : : : 1 
metres, is a function of time, t, in seconds is h=—10 cos a +12. 


b) 2.3 min= 138s 
Substitute t = 138. 


h=-10cos cae 12 
30 


=—10 cos (138) + 12 
30 
= 15.090... 


Emily’s height above the ground, to the nearest tenth of a metre, when the wheel has been 
in motion for 2.3 min is 15.1 m. 
c) Determine the first point of intersection of the 


graphs of h =—10 cos aa 12 andh= 18. 


The amount of time that passes before a rider reaches a 
height of 18 m for the first time is approximately 21.1 s. 


Intersection —————-——* 
H=eL.14498> *=18 
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Another time when the rider is at that same height 
within the first cycle is approximately 38.9 s. 


Intersection 
H=SB.BSEOL? = =18 


Section 5.4 Page 279 Question 20 


a) Use acosine function. From the maximum and minimum heights, a = 


, or 7. 


The period is 5 s, so b= = . The minimum is reached at 2 s, but the minimum of a 


cosine curve typically occurs at the halfway point in the period, or 2.5, then c =—0.5. 
Since the minimum height is 8 m, d= 8 + 7, or 15. Then, an equation to model the 
rotation of the tip of the blade, where the height, h, in metres, is a function of time, t, in 


seconds is h=7 cos ic + 0.5) +15. 


An equivalent sine function is h = 7 sin = (t+ 1.75) + 15. 


b) Substitute t = 4. 
h=7 cos Z+05)+ ie 


=7cOos (4 +05)+ 15 


= 20.663... 
The height of the tip of the blade after 4 s is approximately 20.7 m. 


2 
c) Determine the points of intersection of the graphs of h = 7 cos = (e+ 05) +15 


and h = 17 for one cycle and then multiply by 2 since 10s is 2 periods. 


Intersection ———— Intersection ———-— 
H=S.4BOGPeL Y=1F H=B.EU4eeo = Y=1F 


2(5.5194 — 3.4806) = 4.0776 
The tip of the blade above a height of 17 m in the first 10 s is approximately 4.08 s. 
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Section 5.4 Page 280 Question 21 


a) The best fit curve is of the form y = —cos x. From the maximum and minimum 
temperatures, a = =, or 9.7. The period is 366 days, so b = a The minimum 


is reached on day 26, but the minimum of a reflected cosine curve typically occurs at the 
start point in the period, so c = 26. Since the minimum temperature is 4.2 °C, 

d= 4.2 + 9.7, or 13.9. Then, an equation to model the temperature, T, in degrees Celsius, 
is a function of time, t, in days, is 


T=~9.7 cos ~~ (t—26) + 13.9. 
183 


b) Substitute t= 147. 
T =~9.7 cos —— (t— 26) + 13.9 
183 


=~9.7 cos ~~ (147 — 26) + 13.9 
183 


= 18.605... 
The temperature for day 147, May 26, is approximately 18.6 °C. 


c) Determine the points of intersection for the graphs of T =—9.7 cos = (t — 26) + 13.9 
and T = 21.0. 


Inkerseckign? eee Intersection 
H=LBE.SE504 Y=eL H=ebe.6B49e =e 


A maximum temperature of 21.0 °C or higher is expected for approximately 253 — 165, 
or 88 days. 


Section 5.4 Page 280 Question 22 


a) Use a cosine function. From the maximum and minimum cash flow percents, 
a= =. or 15. The period is 40 years, so b = a . Since the minimum percent is 
—10, d=-—10 + 15, or 5. Then, an equation to model the cash flow, C, in percent of total 


: ; i ; ; ™ 
assets, is a function of time, t, in years, is C= 15 cos 0 t+5. 
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Tae ces CT eee 


c) For 2008, substitute t = 88. 
C=15cos t+5 
20 
1 
= 15 cos — (88) +5 
20 


= 9,635... 
The cash flow for the company in 2008 is approximately 9.6% of total assets. 


d) Example: No. I would not invest with this company, because too great a portion of the 
cycle has losses. 


Section 5.4 Page 280 Question 23 


a) Use a sine function. Since the distance of the turns from the midline is 1.2 m, a= 1.2. 


For 10 turns in 20 s, the period is 4 s (2 turns per cycle) and b = - Then, the function 
that models the path of the skier is y = 1.2 sin 5b where t represents the time, in seconds, 
and y represents the distance for one turn, in metres, from the midline. 


b) Ifthe skier made only eight turns in 20 s, then the period would change to 5 s and 


: ie 
equation becomes y = 1.2 sin = L. 


Section 5.4 Page 280 Question C1 
Examples: 
a) Use a sine function as a model when the curve or data begins at or near the 


intersection of the vertical axis and the sinusoidal axis. 


b) Use a cosine function as a model when the curve or data has a maximum or minimum 
near or at the vertical axis. 
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Section 5.4 Page 280 Question C2 


Examples: 

a) y=asinb(x—c)+d 

The parameter b has the greatest influence on the graph of the function. It changes the 
period of the function. Parameters c and d change the location of the curve, but not the 
shape. Parameter a changes the maximum and minimum values. 


b) y=acos b(x—c)+d 

The parameter b has the greatest influence on the graph of the function. It changes the 
period of the function. Parameters c and d change the location of the curve, but not the 
shape. Parameter a changes the maximum and minimum values. 


Section 5.4 Page 281 Question C3 
a) The best fit curve is of the form y = —sin x. Since the amplitude is half the width of the 


door, a = 0.85. Since the period is the height of the door, b = =. Then, a sinusoidal 


. . 2 
function that could model the shape of the open door is y = —0.85 sin eat + 0.85, where 


x represents the height of the door, in metres, and y represents the width of the door, in 
metres. 


b) 
y 
Elis 
= 
3 Tr 
ie 
QO! | 113 | 216 | 319 | 5i2 | 6i5 | 7/6 | 3 
Door Height (m) 
Chapter 5 Review 


Chapter 5 Review Page 282 Question 1 


a) The x-intercepts in the interval 
—360° < x < 360° are —360°, —180°, 0°, 
180°, and 360°. 


b) The y-intercept is 0. 


c) The domain is {x |x € R}. The range is 
{y|-l<y<1,y € R}. The period is 360°. 


d) The greatest value of y = sin x is 1. 
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Chapter 5 Review Page 282 Question 2 


a) The x-intercepts in the interval 
—360° < x < 360° are —270°, —90°, 0°, 
90°, and 270°. 


y+ cos|x Vs 


b) The y-intercept is 1. 


c) The domain is {x |x € R}. The range is 
{y|-l<y<1,y € R}. The period is 360°. 


d) The greatest value of y= cos x is 1. 

Chapter 5 Review Page 282 Question 3 

a) For y = sin x, the amplitude is | and the period is 2x. This matches graph A. 
b) For y = sin 2x, the amplitude is 1 and the period is x. This matches graph D. 


c) For y =-sin x, the amplitude is 1, the period is 27, and the graph is reflected in the x- 
axis. This matches graph B. 


I Ts : 
d) For y = —sin x, the amplitude is : and the period is 27. This matches graph C. 
5 5 grap 


Chapter 5 Review Page 282 Question 4 


a) For y =-3 sin 2x, a=-3 and b = 2. So, the amplitude is |-3| = 3 and the period is 


eo asa . = 180°. 


2 
b) For y= 4 cos 0.5x, a= 4 and b = 0.5. So, the amplitude is |4| = 4 and the period is 
2m = An ot 22% = 720° 
0.5 0.5 
ties. 1 5 spill). 2 ae 
c) For y= — sin —x,a= — and b= —. So, the amplitude is |-| = — and the period is 
3 6 3 6 3| 3 
2n 12x 360° 
432° 
ea a 
6 6 
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d) For y=—5 cos ; x,a=—5 and b= : . So, the amplitude is |-5] = 5 and the period is 


2n An 360° . 
3 3 or 3 240°. 
2 2 


Chapter 5 Review Page 282 Question 5 


a) The graph of y = sin x has an amplitude of 1 anda 
period of 2x. The graph of y = sin 2x has the same 
amplitude as the graph of y = sin x, but a period of z. 
The graph of y = 2 sin x has an amplitude of 2 and the 
same period as the graph of y = sin x. 


b) The graph of y = sin x has an amplitude of 1 anda 
period of 2x. The graph of y = —sin x has the same 
amplitude and period as the graph of y = sin x, but is 
reflected in the x-axis. The graph of y = sin (x) has the 
same amplitude and period as the graph of y = sin x, but is 
reflected in the y-axis. 


c) The graph of y = cos x has an amplitude of 1 and a 
period of 2x. The graph of y = —cos x has the same 
amplitude and period as the graph of y = cos x, but is 
reflected in the x-axis. The graph of y = cos (—x) has the 
same amplitude and period as the graph of y = cos x, but is 
reflected in the y-axis. 
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y=|cos (-x) 
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Chapter 5 Review Page 282 Question 6 


a) For a cosine function with an amplitude of 3 and a period of 2, a = 3 and b = 2. Then, 
the equation of the function in the form y = a cos bx is y = 3 cos 2x. 


b) For a cosine function with an amplitude of 4, a = 4. 
360° 


150° 
2 
5 


For a period of 150°, b= 


Then, the equation of the function in the form y = a cos bx is y = 4 cos =x 


, : 1 1 
c) For a cosine function with an amplitude of : and a period of 720°, a= 5 and b= —. 


NO 


Then, the equation of the function in the form y = a cos bx is y = : COS xK 


d) For a cosine function with an amplitude of - ,a= - : 
; ™ 2m 
For a period of b=—. 
6 
=12 


Then, the equation of the function in the form y = a cos bx is y= * cos 12x. 


Chapter 5 Review Page 283 Question 7 


a) Fora sine function with an amplitude of 8 and a period of 180°, a = 8 and b = 2. Then, 
the equation of the function in the form y = a sin bx is y = 8 sin 2x. 


b) Fora sine function with an amplitude of 0.4 and a period of 60°, a = 0.4 and b = 6. 
Then, the equation of the function in the form y = a sin bx is y= 0.4 sin 6x. 


N | R 


c) Fora sine function with an amplitude of : and a period of 42, a = - and b= 


ener ask 
Then, the equation of the function in the form y = a sin bx is y= : sin 5 x: 


d) Fora sine function with an amplitude of 2 and a period of = ,a=2 and b =3. Then, 


the equation of the function in the form y = a sin bx is y = 2 cos 3x. 
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Chapter 5 Review Page 283 Question 8 
™ 
a) Fory=2 cos a( «4 =%, 


a=2,b=3,c= ~,and d=-8. The 


te 
amplitude is |2| = 2, the period is = , the 


phase shift is 7 units to the right, and the 


vertical displacement is 8 units down. 


b) eee x= +3,a=1,b= = 
2 4 2 


c= —, and d=3. The amplitude is |1| = 1, 


x 
4 


ere: sae 
the period is = = 4m, the phase shift is ; 


2 
units to the right, and the vertical displacement is 3 units up. 


c) For y=-4 cos 2(x — 30°) + 7, a=-4, 
b= 2, c = 30°, and d= 7. The amplitude is 


|-4| = 4, the period is oy 180°, the 


phase shift is 30° to the right, and the 
vertical displacement is 7 units up. 


d) For y= sin = (x= 60°)= I, a= 7 


b= 


, Cc = 60°, and d=~—1. The amplitude 


fo) 


, the period is a 1440°, the 


4 
phase shift is 60° to the right, and the vertical displacement is 1 unit down. 
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Chapter 5 Review Page 283 Question 9 


a) The period of both functions is 7. 
b) The phase shift for f(x) is 5 units to the right, while the 


phase shift for g(x) is a units to the right. 


c) The phase shift of the function y = b(x — 2) is a units to 
the right. 


d) The phase shift of the function y = (bx — 2) is = units to the right. 
Chapter 5 Review Page 283 Question 10 


a) The amplitude, a, is , or 3. 


4-() 
a 


The period is 180° — 0°, or 180°. So, b = 2. 

The start of the first cycle of the sine curve to the right of 
the y-axis is at 45°. So, c= 45°. 

The vertical displacement is 1 unit up. Locating the 
mid-line gives d= 1. 

So, an equation in the form y = a sin b(x — c) + d for the 
graph is y = 3 sin 2(x — 45°) + 1. Similarly, an equation in 
the form y = a cos b(x — c) + d for the graph is 

y=-3 cos 2x+ 1. 


b) The amplitude, a, is , or 2. 


1-(-3) 
2 
The period is 180° — 0°, or 180°. So, b = 2. 
The start of the first cycle of the sine curve 

is at the y-axis. So, c = 0°. 

The vertical displacement is 1 unit down. 
Locating the mid-line gives d=-1. 

So, an equation in the form 

y=asin b(x—c)+d for the graph is y = 2 sin 2x — 1. Similarly, an equation in the form 
y=acos b(x—c) +d for the graph is y = 2 cos 2(x — 45°) — 1. 


(-3) 


; _ l= 
c) The amplitude, a, is ————, or 2. 


The period is a — 0, or z. So, b = 2. 
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The start of the first cycle of the sine curve is to the right of the y-axis. So, c = 7 
The vertical displacement is | unit down. Locating the mid-line gives d =-1. 
So, an equation in the form y = a sin b(x —c) + d for the graph is y =2sin of x 4) —1. 


Similarly, an equation in the form y = a cos b(x — c) + d for the graph is y = —2 cos 2x - 1. 


d) The amplitude, a, is , or 3. 


4—(-2) 
3 


The period is 42 — 0, or 42. So, b= 0.5. 
The start of the first cycle of the sine curve 


is to the right of the y-axis. So, c = . : 


The vertical displacement is 1 unit up. 
Locating the mid-line gives d= 1. 
So, an equation in the form y = a sin b(x — 


c) +d for the graph is y =3sin 0s{ x — =| +1. Similarly, an equation in the form 


y=acos b(x—c) +d for the graph is y =3e050.5{ x22] +1 . 
Chapter 5 Review Page 283 Question 11 


a) For amplitude 4, period a, phase shift q to the right, and vertical displacement 5 units 


down, a= 4, b=2,c= ; , and d =—5. Then, the equation of the sine function in the form 


y=asin b(x—c)+d is y=4sin2(x-2)-5, 


b) For amplitude 0.5, period 47, phase shift ; to the left, and vertical displacement 


1 unit up, a= 0.5, b ; 5c ; , and d = 1. Then, the equation of the cosine function in 


the form y = a cos b(x —c) + dis y=0seosa{x+2}e1 
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2 ' : 
c) For amplitude 3 period 540°, no phase shift, and vertical displacement 5 units down, 


a= : ,b= : ,c =0, and d=—5. Then, the equation of the sine function in the form 


: : 2. 2 
y=asin b(x—c)+d is Pee es 


Chapter 5 Review Page 284 Question 12 


a) The domain is {x | x € R} and the range vE2cs(xt 45)+8 
{y| l1<y<5,y € R}. The maximum value 
is 5 and the minimum value is 1. There are 
no x-intercepts. The y-intercept is 23. 
or approximately 4.41. 


b) The domain is {x | x € R} and the range 
{y|—3 <y<5,y € R}. The maximum 
value is 5 and the minimum value is —3. 
The x-intercepts are approximately 0.9 + na 
and 2.7 + na,n eI. 

The y-intercept is 2/3 +1, or 
approximately —2.5. 


y= asin a{x— EB) 1 


Chapter 5 Review Page 284 Question 13 
a) For y=3 sin 2 x-) + 6,a=3,b=2,c= = and d= 6. Compared to the graph of 


: : 1 
y=sin x, the graph of y =3 sin 2 c -£| + 6 is stretched horizontally by a factor of 5 


about the y-axis, stretched vertically by a factor of 3 about the x-axis, and translated 


M.. : 
3 units to the right and 6 units up. 
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b) For y =-2 cos s[x+8) 3,a=-2,b =e 7 and d =—3. Compared to the 


1 : ; 
graph of y = cos x, the graph of y = —2 cos a: 2 — 3 is stretched horizontally by a 
factor of 2 about the y-axis, stretched vertically by a factor of 2 about the x-axis, reflected 


: ; nm. ; 
in the x-axis, and translated ri units to the left and 3 units down. 


c) For y= : cos 2(x — 30°) + 10, a ; ,b =2, c= 30°, and d = 10. Compared to the 
graph of y = cos x, the graph of y = - cos 2(x — 30°) + 10 is stretched horizontally by a 


factor of > about the y-axis, stretched vertically by a factor of - about the x-axis, and 


translated 30° to the right and 10 units up. 


d) For y =—sin 2(x + 45°) — 8, a=—1, b=2, c =-45°, and d =—8. Compared to the 
graph of y = sin x, the graph of y = —sin 2(x + 45°) — 8 is stretched horizontally by a factor 


of ; about the y-axis, reflected in the x-axis, and translated 45° to the left and 8 units 


down. 


Chapter 5 Review Page 284 Question 14 


b) Compared to the graph of y = sin 0, the graph of y = 2 sin 20 is vertically stretched by 
a factor of 2 about the x-axis and half the period. Compared to the graph of y = sin 0, the 


graph of y = 2 sin : 0 is vertically stretched by a factor of 2 about the x-axis and double 


the period. 
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Chapter 5 Review Page 284 Question 15 


a) 


t 
1 
' 
4 
' 
t 
1 
| 
! 
t 
' 
1 
i) 
1 
+ 
' 
=. 


: 


3n a2 0 30 
a° 2 
the interval —360° < 8 < 360°, the domain is {x | x #—270°, —90°, 90°, 270°, x € R}. 


b) i) For the interval —2z < 0 < 22, the domain is ‘x |x # ,XE Rp For 


ii) The range is {y| y € R}. 
iii) The y-intercept is 0. 


iv) For the interval —2z < 0 < 21, the x-intercepts are —27, — 1, 0, a, and 27. For the 
interval —360° < 0 < 360°, the x-intercepts are —360°, —180°, 0°, 180°, and 360°. 


v) For the interval —27 < 0 < 27, the equations of the asymptotes are 
=, 25 . For the interval —360° < @ < 360°, the equations of the asymptotes 
are x = —270°, —90°, 90°, 270°. 


Chapter 5 Review Page 284 Question 16 
: . 1 
a) The exact coordinates of point Q are (1, tan 9) or C 


4) 


sin 8 


b) tan 0= 
cos@ 


c) As 8 approaches 90°, tan 8 approaches infinity. 


d) When 0 = 90°, cos 90° = 0 and thus tan 90° is undefined. 
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Chapter 5 Review Page 284 Question 17 
; sin 8 
a) Since tan 0 = oe the asymptotes of the graph of y = tan 8 occur when cos 0 = 0. 
Cos 


sin @ 


b) Since tan 0 = , the x-intercepts of the graph of y = tan @ occur when sin 0 = 0. 


COS 
Chapter 5 Review Page 284 Question 18 


When the Sun is directly overhead, the shadow has no length which means tan 0 is 
undefined. This relates to the asymptote of the graph of y = tan 0 at 0 = 90°. 


Chapter 5 Review Page 284 Question 19 

A vertical asymptote is an imaginary line that the graph approaches. If a trigonometric 
function is represented by a quotient, such as the tangent function, asymptotes occur at 
values for which the function is undefined; that is, when the function in the denominator 


is equal to zero. 


Chapter 5 Review Page 284 Question 20 


a) The solutions to 2 sin x — 1 = 1 in the interval 0 < x < 27 are approximately x = 0.52 
and x = 2.62. 


=u 


b) There are no solutions to 0 = 2 cos (x — 30°) + 5 in the interval 0° < x < 360°. 


c) Determine the solutions in the first cycle. 
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Intersection Intersection 
HeLessssss Ys 5 H=6.6666bbr T=.5 


The general solution to sin [Zcx-9)] = 0.5 is approximately 1.33 + 8n and 6.67 + 8n, 
where n € I. 


d) Determine the solutions in the first cycle. 


nasser S10 H=BB409bes T=10 
The general solution to 4 cos (x — 45°) + 7 = 10 is approximately 3.59° + (360°)n and 
86.41° + (360°)n, where n e€ I. 


Chapter 5 Review Page 285 Question 21 


a) 
TaiecostH+i9 


V=29.126248 


b) Determine several points of intersection between the graphs of T= 12 cost + 19 
and T = 22. 


Intersection 
H=1.21H1161 f=ce 


The first point of intersection gives approximately 1.32 h. 
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Intersection Intersection 
H=4.9BS0G92 T=ce =P .BOLS0L4 Y=ce 


Using the approximate second and third points of intersection gives 7.60 — 4.97, or 
2.63 h. So, in one day 3(2.63), or 7.89 h. 


Intersection 
m=es.BLl4ec’ f=ce 


The last point of intersection gives approximately 24 — 23.81, or 0.19 h. 


To the nearest tenth of an hour, the amount of time in one day that the air conditioning 
will operate is 1.32 + 7.89 + 0.19, or 9.4 h. 


c) Example: A model for temperature variance is important for maintaining constant 
temperatures to preserve artifacts. 


Chapter 5 Review Page 285 Question 22 


a) 
TELSsint Tr Ae So +15 


b) The maximum height is 12 + 15, or 27 m. The minimum height is 15 — 12, or 3 m. 


: : : bot TE 
c) The time required for the Ferris wheel to complete one revolution is —, or 90 s. 
Tl 


45 


d) Substitute t= 45. 
. . 
h(t) = 12 sin —(t—30)+ 15 
(t) a5 ) 
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h(45) = 12 sin “(45 — 30) + 15 
45 
; 7 
h(45) = 12 sin 3 +15 


h(45) = of 2) 1 


t 15 


h(45) = 6V3 +15 
h(45) = 25.392... 
The height of the rider above the ground after 45 s is approximately 25.4 m. 


Chapter 5 Review Page 285 Question 23 


a) The best fit curve is of the form y = —cos x. Use the hours of daylight to determine 


15.7-8. ae 2 es . 
a= i? , or 3.7. The period is 365 days, so b = ae The minimum is reached on 


day 355, but the minimum of a reflected cosine curve typically occurs at the start point in 
the period, so c= —10. The sinusoidal axis is d= — , or 12. Then, the equation 
that expresses the number of hours of daylight, L, as a function of time, t, in days, is 


=. 37 059 "(LID AD, 
365 


Chapter 5 Review Page 285 Question 24 


a) The best fit curve is of the form y = cos x. Use the number of sunspots to determine 


a= nie , or 50. The period is SS , or 11 years. So, b= =. The sinusoidal 


110+10 


axis 1s d = , or 60. Then, the equation that expresses the sunspots, S, as a 


function of time, t, in years, is S= 50 cos = t+ 60. 
For the year 2000, substitute t = 250. 
S=50 cos “1+ 60 


= 50 cos = (250) + 60 


= 52.884... 
You would expect about 53 sunspots in the year 2000. 
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b) Determine the point of intersection of the graphs of 
S=50 cos att 60 and S = 35. The first year after 


2000 in which the number of sunspots will be about 35 
is around the year 2007. 


Tnterseckign ee 
H=2EB.Gbbar T=FE 


c) The first year after 2000 in which the number of sunspots will be a maximum is 
around the year 2003. 


Pe a 


nek SOIR Y=110 


Chapter 5 Practice Test 
Chapter 5 Practice Test Page 286 Question 1 


For the function y = 2 sinx + 1,a=2 and d= 1. So, the range is {y|-l<y<3,yeR}: 
Choice A. 


Chapter 5 Practice Test Page 286 Question 2 


For f(x) = 3 sin af x2) +1,a=3,b=2,c= ; , and d = 1. The phase shift is . units 
to the right. The period is = or t. The amplitude is |3|, or 3. Choice D. 

Chapter 5 Practice Test Page 286 Question 3 

Since sin x = cos [x-3) , then sin [x-3) = cos [x-32) . Choice C. 


Chapter 5 Practice Test Page 286 Question 4 


Given: cosine function with maximum (3, 14) and nearest minimum to the right at (8, 2). 


The amplitude is , or 6. 
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The distance between the minimum and the maximum of a cosine function is one-half the 
period. The period is 2(8 — 3), or 10. So, b= = 
The maximum for a cosine curve appears at the start of the cycle, or x = 3. So, c =3. 
minimum = d — || 

2=d-|6| 

d=8 


An equation for the cosine function is y = 6sin =(x —3) +8. Choice D. 


Chapter 5 Practice Test Page 286 Question 5 


From the graph, the amplitude is 2 and the period is 2. So, a = 2 and b = 2. A possible 
equation for the function is y = 2 sin 20. Choice B. 


Chapter 5 Practice Test Page 286 Question 6 

For a sine function of the form y = a sin b(x — c) + d, 

* the values of a and d affect the range of the function 

* the values of c and d determine the horizontal and vertical translations, respectively 
* the value of b determines the number of cycles within the distance of 27 

* the values of a and b are vertical and horizontal stretches 

All of Monique’s statements are true. Choice A. 


Chapter 5 Practice Test Page 286 Question 7 


If the bicycle were pedalled at a greater constant speed, the period of the graph would 
decrease. Choice C. 


Chapter 5 Practice Test Page 287 Question 8 


eae 
For the function f(x) = sin 2x, the period is > or x. The horizontal distance between two 


consecutive zeros is half of the period, 3 : 
Chapter 5 Practice Test Page 287 Question 9 


Tl — 
For y = tan 0, the asymptotes occur at x = > + n,n € I, the domain is 


{xlxeZemmxeR ner |. the range is {y| y € R}, and the period is 2. 
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Chapter 5 Practice Test Page 287 Question 10 


For f(x) = -4 sin x, a=-4, b= 1, c =0, andd=0. 


For g(x) = 4.005 <x, 4,b =e 0, and d=0. 


Functions f(x) and g(x) have the same amplitude of 4, the same phase shift of 0, and the 
same vertical displacement of 0. 


Chapter 5 Practice Test Page 287 Question 11 


For V(t) = 120 sin 2513t, a = 120 and b = 2513. So, the amplitude is |120], or 120, and the 


ee! 
period is 
2513 


, or approximately 0.0025 s. 
Chapter 5 Practice Test Page 287 Question 12 


For d(t) =—3 cos aor 5,a=-3, b= e and d= 5. So, the amplitude is |-3], or 3, the 


period is ae or 12, the maximum is 5 + 3, or 8, and the minimum is 5 — 3, or 2. The 


6 
minimum of this cosine function is 2 m; it occurs at the start/end of the cycle, 00:00, 
12:00, and 24:00. The maximum of this cosine function is 8 m; it occurs halfway into a 
cycle, 6:00 and 18:00. 


Chapter 5 Practice Test Page 287 Question 13 


a) Determine the points of intersection for the graphs of y = sin AG —l) and y=0.5 in 


one cycle. 


The general solution is x = 1.5 + 6n and x = 3.5 + 6n, where n € I. 


b) Determine the points of intersection for the graphs of y = 4 cos 15(x + 30°) + 1 
and y = —2 in one cycle. 
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Intersection Intersection 
Hass SGRe Yate H=B.rPBOB4is vars 


The general solution is x ~ 3.24° + (24°)n and x ~ 8.76° + (24°)n, where n ¢€ I. 


Chapter 5 Practice Test Page 287 Question 14 


Graph I shows a cosine function with amplitude 2 and period 1 radian. Graph II shows a 
sine function reflected in the x-axis, amplitude 2, and period 0.5 radians. 


Example: Graph IJ has half the period of graph I. Graph I represents a cosine curve with 
no phase shift. Graph II represents a sine curve with no phase shift. Graph I and II have 
the same amplitude and both graphs have no vertical translations. 


Chapter 5 Practice Test Page 287 Question 15 
a) The best fit curve is of the form y = sin x. Use the maximum and rest displacements to 


determine a = 0.1. The period is 2 s, so b= >” or 2. The sinusoidal axis is given as 


d= 1. Then, the equation that models the displacement, d, in metres, as a function of 
time, t, in seconds, is d= 0.1 sin at + 1. 


b) The mass is 1.05 m above the floor in the first cycle at approximately 0.17 s and 
0.83 s. 


Intersection Intersection 
H=.L66666br aV=1.05 H=.Bscssess sVSLO8 


c) Verify x = 0.17 and x = 0.83. 


For x= 0.17, For x = 0.83, 

d=0.1 sinat+ 1 d=0.1 sinat+ 1 
= 0.1 sin 2(0.17) + 1 = 0.1 sin (0.83) + 1 
= 1.050... = 1.050... 
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Chapter 5 Practice Test Page 287 Question 16 


From the graph, the amplitude is 3, the period is 2, the sinusoidal axis is y = —1. 


a) For a sine function, the cycle starts at a So,a=3,b=2,c j , d=—1. Then, the 


equation in the form y = a sin b(x—c) + dis y =3 sin of x-) aT 


b) For a cosine function, the curve is reflected in the x-axis. So, a=—3, b=2,c=0, 
d=-—1. Then, the equation in the form y = a cos b(x — c) + dis y =-3 cos 2x — 1. 


Chapter 5 Practice Test Page 287 Question 17 


Graph A, B, and C on the same set of axes. Graph D and E on the same set of axes. 


a) The graphs of f(x) = sin x (A) and g(x) = 2 sin x (B) have the same x-intercepts. 
b) The graphs of f(x) = sin x (A) and g(x) = 2 sin x (B) have the same period. The graphs 
of h(x) = sin 2x (C), k(x) = sin (2x + 2) (D), and m(x) = sin 2x + 2 (E) have the same 


period. 


c) The graph of g(x) = 2 sin x (B) has a different amplitude than the others. 
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Chapter 6 Trigonometric Identities 
Section 6.1 Reciprocal, Quotient, and Pythagorean Identities 


Section 6.1 Page 296 Question 1 


COS 
a) For 


x ee 
, non-permissible values occur when sin x = 0. 
x 


sin X= 0 atx=0, a, 27, ... 
Therefore, x # an, where n ¢€ I. 


COS X bala sin x 
b) For , non-permissible values occur when tan x = 0. Since tan x = the 
tan x COS X 
non-permissible values occur when cos x = 0 and when sin x = 0. 
m 3n Sa : 
cosx=Oatx= ae ce sin xX = 0 atx=0, a, 27, ... 


Therefore, x # ae mn andx#an, where n ¢€ I. 


et : ™ 
These two sets of restrictions can be combined as x # (=) n, wheren e¢ I. 


cot x ae : : 
c) For ————., non-permissible values occur, for the denominator, when | — sin x = 0 
nx 


and, for the numerator, when sin x = 0. 


aan . um 5a 1 
For the first restriction, sin x = 1 at x = Fe Sas In general, x # a +2nn, wheren ¢€ I. 
For the other restriction, sin x = 0 at x = 0, a, 27, .... In general, x # an, where n é€ I.. 
tan x ae : 
d) For ————.,, non-permissible values occur, for the denominator, when cos x + 1 =0 
cosx+ 
and, for the numerator, when cos x = 0. 
For the first restriction, cos x =—1 at x = 1, 3a, .... In general, x #2 + 22n, , where n é€ I. 
eee ma 3n 5n 1 
For the other restriction, cos xX = 0 atx = pe get In general, x # . +n, where 


nel. 
Section 6.1 Page 296 Question 2 
Some identities have non-permissible values because they involve rational expressions 


and some values of the variable would make the denominator zero. This is not permitted. 
For example, an identity involving tan x has non-permissible values when cos x = 0. 
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Section 6.1 Page 296 Question 3 


; 1 : 
a) secxsinx= sin x 
COS X 


= tan x 


: 1 cosx). 
b) sec xcot xsin’ x -( I }sin x 


cosx /\ sin x 


=sinx 


cosx sin x 
=COSX 
cot x COS X 


=sinx 


Section 6.1 Page 296 Question 4 


) cosx \f tanx | cosx 
tan x /\ sinx sin x 


=cotx 


: 1 COS X 1 z 
b) csc x cot x sec x sinx =| — - sin X 
sin x /\ sin x /\ cos x 


Pee! 
sin X 
= CSC X 
cos xX cos x 
c) oo 
l-sin’x cos’ x 
a. oil 
cos xX 
=secx 
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Section 6.1 Page 296 Question 5 


a) For x = 30°: 
Left Side = —°“* — Right Side = sin x 
tan x +cot x = sin 30° 
_ sec 30° —_ 
tan 30° + cot 30° me 
2 : 
ae NE 
1x3 
aa. 
eee 
V3 V3 
=. 
4 
= 
2 
For x= ae 
4 
Left Side = —““* eee 
tan x+ cot x Right Side = sin x 
mu ae 
sec — = sin — 
4 sin 


tan + cot 
4 4 


The equation checks for both values. 

b) The non-permissible values occur for the numerator when cos x = 0 and, for the 
denominator, when sin x = 0. So, in the domain 0° < x < 360°, x # 0°, 90°, 180°, and 
270°. 

Section 6.1 Page 297 Question 6 


a) The non-permissible values occur for the left side of the equation when 1 + cos x = 0, 
or cos x =—1, and, for the right side of the equation, when tan x = 0. 


: ; ™ 
So, in radians, x #m7+2an, nel and Me nel. 
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b) The graph of the left side looks the same as the graph of the right side, so the equation 
may be an identity. 
VIHsinthcosthIetlecescay VI=Ci-costayi chante 


H=4.6°896°R Y=.0S4S00R> H=4.6°896°R | Y=.0S4S50R> 
c) For *. 
4 
ee eee i 
I+ cos x Right Side = 
_ 1 1 tan x 
sin — cos — - 
-—— alae 
1+cos— = 
4 tan — 
Ralka 
V2 )\V2 eae 
MG : 
+ as 
V2 _;_x2 
af hg V2+1 ' 
2) | V2 2 AINE 
2 
-(3 v2_\f ¥2-1 
2)( V2 +1 )\ V2-1 
_(1)(2=v2 
2 1 
_ 2-2 
Z 


Both sides have the same value, so the equation is true when x = 


Ala 


Section 6.1 Page 297 Question 7 


a) Using the Pythagorean identity, sin’ @ + cos” @ = 1, an equivalent expression 
for 1 — sin’ @ is cos” @. 


b) When 0 = o the fraction of light lost is given by 
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c) When 0 = 60°, the fraction of light lost is given by 
cos’ 8 = cos” 60° 


As a percent, the amount lost is 25%. 


Section 6.1 Page 297 Question 8 
a) When x= = sin x =sin v1—cos* x = 1-00s"( =) 


3 ano) 


nm. 
So, for x = geal cos’ x. 


When x = = sin x = sin Vl—cos? x = 1-00s"( =) 


_i 
2 7 i-[- 
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So, for x = > sin x= V1—cos’ x. 


b) c) 

Ve=(i-coschy*23".§ The equation is not an identity. As the 
graph shows, y = v1—cos’ x only has 
positive values in its range, whereas 

y =sin x has all values from —1 to 1 in its 


range. 
n=s.bresslB 3 Y=.50961664 
Section 6.1 Page 297 Question 9 
I b) 

a) anal E- I cot0 

Ie =a R’ csc@ 

cos0 ER? (2) 
E- Icos®@ E= sin 8 


R? at 1 ) 
sin 8 
e -(\) 
sin 0 R 
Icos®@ 


Es 


Section 6.1 Page 297 Question 10 


esox 2: ot (See 4 2) 


tan x + cot x sin x cosx sinx 


1) { sin* x+cos’ x 
cos Xsin X 


ai # cos Xsinx 
sin x 1 


=CcOSx 
Division by sin x and by cos x occurs, so sin x # 0 and cos x #0. 


In the domain 0 < 0 < 22, x 40, toe and lu 
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Section 6.1 Page 298 Question 11 


> x—cot” 
a) The graph of y eS appears to be equivalent to the graph of y = sec x. 
COS X 


TIECCLesinta ede castn tL 


H=.L32617%02 [%=1.0089956 


b) Division by sin x and by cos x occurs, so sin x # 0 and cos x # 0. So in general, in 
: Tl 
radians, x #—+an, nel. 
2 
1 cos’ x 


2 
COS X COS X 


c) 


1—cos’ x 
___sin’ x 
COS x 
sin’ x 


_ sin’ x 
COs X 
1 
COs X 
= sec x 


Section 6.1 Page 298 Question 12 


a) Substitute x =7 
: cot x : 
Left Side = ——+sin x Right Side = csc x 


Tl Tt 
cot — = CSC — 
4 


sec” 4 = V2 
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t x 


: : co : 
Since the right side equals the left side for this one value, +sin x = csc xX may be an 


ec x 
identity. 
cotx . COS X 1 : 
b) +sin X = —— + +sin X 
sec X sinX cOSXxX 
cos;x. 
=——— +sinx 
sin x 
_ cos’ x+sin” x 
sin x 
= CSc x 

Section 6.1 Page 298 Question 13 

a) Substitute x = 0: 

Left Side = sin x + cos x Right Side = tan x + 1 
= sin 0 + cos 0 =tan0+ 1 
=0+1 =0+1 
_— 1 a 

For x = 0, Left Side = Right Side = 1. 

: Tl 
b) Substitute x = = 
Left Side = sin x + cos x Right Side = tanx +1 
ee Tl Tl 
= sin —+ cos— =tan—+1 
2 Zz ys 
=1+0 = undefined + 1 


=I 
For x = = , Left Side = 1 but the right side is undefined. 


c) Lisa’s choice for x is not permissible because cos a = 0, so in the right side of the 


equation, in tan x, you would be dividing by 0 which is not permitted. 
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d) Substitute x = 7 
Left Side = sin x + cos x Right Side = tanx +1 


. « 1 1 
= sin —+cos— =tan—+1 
4 4 4 


For x = 7 the left side = = but the right side = 2. 


a 


e) Yes, the three students have enough information to conclude that the equation in not 
an identity. Giselle has found a permissible value of x for which the left and right sides do 
not have the same value. 


Section 6.1 Page 298 Question 14 


(sin x + cos x)” + (sin x — cos x)° 
= sin’ x + 2sin x cos x + cos’ x + sin’ x — 2sin x cos x + cos 7 x 
=2 sin?x+2cos?x 
= 2(sin* x + cos * x) 


Section 6.1 Page 298 Question 15 


: 2 2D 
Given csc’ x + sin® x = 7.89. 
1 1 F 
st = +csc° xX 
csc’ xX sin’ x 1 
sin? x 


= sin? x+csc” x 
= 7.89 


Section 6.1 Page 298 Question 16 


1 i 1 Z 1-—sin0+1+sin0 
1+sin® 1l-sinO (1—sin@)(1+sin0) 
7 2 
~ (1=sin? @) 
=2sec’ 0 
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Section 6.1 Page 298 Question 17 


2-cos’x _1+1-cos’ x 
sin X sin X 
1+sin’ x 
sin x 
1 . 
=—+sinx 
sin X 
=cscx+sinx 


2-cos” x dooce . i 
So, ————— = m + sin x is an identity if m = csc x. 
sin x 


Section 6.1 Page 298 Question C1 


cos’ x sin’ x 
pds 


cot” x+1=—; — 
sin’ x sin” x 


_ cos’ x+sin’ x 
sin? x 
| 

~ sin? x 


=csc* x 


Section 6.1 Page 298 Question C2 


sin@ — 
1+cos0 1—cos* 0 
_ sin®—sin 9 cos 0 


1—cos@ 


sin’ 0 
_ 1-cos@ 
sin 8 


It helps to simplify by creating an opportunity to use the Pythagorean identity. 


Section 6.1 Page 298 Question C3 


are the same. In 


Step 1 For the domain 0 < x < se , the graphs y = tan x and y= 
2 COS X 


is an identity. 


: : sin x 
this domain, tan x = 
COS X 
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Y1=bancths Y=absccsinthie cose 


n=.rBSS9bie = Y=1 n=.rBSS9bie = Y=1 


Step 2 For the domain —2z < x < 2m, the graphs y = tan x and y = a * | are not the same. 


COS xX 


: ; sin x 
In this domain, tan x = 
COS X 


is not an identity. 


Yi=banctHs V=absccsinthiecoscnl 


H=.BOeLORP a W=1.0s59924 H=L.0694784 IW=1.8e476r4 


cos@ 


Step 3 Example: y=cot0 and y= 


sin 


3 om, . 1 
are identities over the domain 0<0< 5 but 


not over the domain —217 <0<2z. 

Step 4 The weakness of using a graphical or numerical approach is that for some 
equations you may think it is an identity when really it is only an identity over a restricted 
domain. 

Section 6.2 Sum, Difference, and Double-Angle Identities 


Section 6.2 Page 306 Question 1 


a) cos 43° cos 27° — sin 43° sin 27° = cos (43° + 27°) 
=cos 70° 


b) sin 15° cos 20° + cos 15° sin 20° = sin (15° + 20°) 
= sin 35° 


c) cos” 19° — sin’ 19° = cos 2(19°) 
= cos 38° 


MHR °* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 6 Page 11 of 81 


. 3n 5 3n . Sk. 
d) sin—cos—-—cos——sin — = sin| —--—- 
2 4 2 4 9 


= sin — 
4 


e) 8sin cos = asin2(#| 
3 3 3 


ae 
3 


Section 6.2 Page 306 Question 2 


a) cos 40° cos 20° — sin 40° sin 20° = cos (40° + 20°) 
= cos 60° 
= 0.5 


b) sin 20° cos 25° + cos 20° sin 25° = sin (20° + 25°) 
= sin 45° 
1 2 
=p 


c) cos” * ~sin? = =cos2 [=| 
6 6 6 


T 
= cos— 
3 


= 0.5 


cos cos —sin= sin = cos| 2+" 
d) 
Z 3 2 3 2 3 


5a 
= cos — 


Section 6.2 Page 306 Question 3 


Substitute cos 2x = 1 — 2 sin’ x. 

1 — cos 2x = 1—(1 —2 sin’ x) 
=1-1+2sin’x 
=2 sin? x 
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Section 6.2 Page 306 Question 4 
a) 2sin~cos~ =sin2| = 
4 4 4 
enue 
= sin — 
2 


b) (6 cos 24° — 6 sin’ 24°) tan 48° = 6 cos 2(24°) tan 48° 
= 6 cos 48° tan 48° 
sin =) 
cos 48° 


=6cos 48° 
= 6 sin 48° 


2 tan 76° 


————— = tan 2(76° 
c) 1—tan* 76° ae 


= tan152° 
2cos? ~—-1=cos2 4 
d) 6 (: 


Tl 
= cos — 
3 


e) 1—2cos° H =-{2c0s" =-1] 
12 12 


=—cos2 ae 
12 


7 
=—Ccos— 
6 


Section 6.2 Page 306 Question 5 


sin20 _ 2sin@cos0 


) 2cos® 2cos0 
=sin@ 


b) cos 2x cos x + sin 2x sin x = (cos” x — sin’ x)cos x + 2sin x cos x sin x 
= cos’ x— sin? x cos x + 2 sin’ x cos x 
= cos’ x +sin* x cos x 
= cos x (cos’ x + sin * x) 
= cos xX 


MHR °* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 6 Page 13 of 81 


cos20+1  2cos?@-1+1 cosx cos x(1—sin’ x) 


ar ae d) cos2x+sin?x (1—2sin? x)+sin? x 
_ 2cos* 0 _ cos x(1—sin* x) 
2cos0 ~ J=sin? x 
=cos0 = COS X 


Section 6.2 Page 306 Question 6 


Use a counterexample to show that sin (x — y) # sin x — sin y. 
Substitute x = 60° and y = 30°: 


Left Side = sin (60° — 30°) Right Side = sin 60° — sin 30° 
= sin 30° 
=().5 = x3 — 0.5 
2 
= 0.366 
Left Side 4 Right Side 


Section 6.2. Page 306 Question 7 


cos(90° — x) = cos 90° cos x + sin 90° sin x 
= (0 (cos x) + 1 sinx 
= sin x 


Section 6.2 Page 306 Question 8 


a) cos 75° = cos (45° + 30°) 
= cos 45° cos 30° — sin 45° sin 30° 


_— (v3) 1 (+) 
al DN ND 
_N3-1 | V6-V2 
95/5, 4 


b) tan 165° = tan (120° + 45°) 
_ tan 120° + tan 45° 
1—tan 120° tan 45° 
1 yo! 
1-(-V3)(1) 
_=N341 | (I= V3)(1-v3) _ 4-2v3 ee 
1+V3 9 (1+ ¥3)-v3) 2 
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_ (1 cS ee LL T 
=sin| — |cos| — |+sin| — |cos] — 
i] 5) 5) 4) 


als)*s(as] 


L+v3 | V2+V6 
2/2 4 


d) cos 195° = cos (60° + 135°) 


= cos 60° cos 135° — cos 60° sin 135° 
“-z)-s) 
ee oe eo 
“1-3, v2-¥6 


eae) 


ova _ (2V2)(¥3+1) 


B= (Bale) 


MHR * 978-0 


= ¥2(V3+1) 
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, sin - | =sin =.=) 
= sin +-4) 
=sn(Jeo() (la) 
(a) 
_l-v3 |. v2-v6 

2/2 4 


Section 6.2. Page 306 Question 9 


a) P= 1000 (sin x cos 113.5° + cos 113.5° sin x) 
= 1000 sin (x + 113.5°) 


b) i) For Whitehorse, Yukon, 60.7° N, substitute x = 60.7°. 
P= 1000 sin (60.7° + 113.5°) 
= 1000 sin 174.2° 
= 101.056 
The amount of power received from the sun on the winter solstice at Whitehorse is 
approximately 101.056 W/m’. 


ii) For Victoria, British Columbia, 48.4° N, substitute x = 48.4°. 
P= 1000 sin (48.4° + 113.5°) 
= 1000 sin 161.9° 
~ 310.676 
The amount of power received from the sun on the winter solstice at Victoria is 
approximately 310.676 W/m’. 


iii) For Igloolik, Nunavut, 69.4° N, substitute x = 69.4°. 
P= 1000 sin (69.4° + 113.5°) 
= 1000 sin 182.9° 
= —50.593 
The amount of power received from the sun on the winter solstice at Iglooik is 
approximately —50.593 W/m’. 


c) On the winter solstice, Igloolik receives no sunlight, so no warmth from the sun. The 
land is losing heat. 
When x = 66.5° 
P= 1000 sin (66.5° + 113.5°) 
= 1000 sin 180° 
=0 
At latitute 66.5° N, the power received is 0 W/m’. 
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Section 6.2. Page 307 Question 10 


cos (1 + x) + cos (m1 — X) 
= cos 1 cos x—sinz sinxX + cos mcos X+ sin zm sin x 
= 2 COS 1 COS X 
= 2(-1) cos x 
= —2 cos x 


Section 6.2 Page 307 Question 11 


sin 0 = a and 0 is in quadrant II. 


Using the Pythagorean theorem, x = —12. 5 : 
a) cos 20=1-—2 sin’ 0 b) sin 20 =2 cos 6 sin 8 
. -12\( 5 
“fs Bea 
‘3 13 /\13 
120 
a a 
169 69 
_119 
169 


Section 6.2 Page 307 Question 12 


1 
a) Substitute x = 6 
Left Side = tan 2x 


= tan 2 (=) 
6 
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Right Side = 72% 
l—tan“ x 


2 tan x 


Tl 
Since Left Side = Right Side, the equation tan 2x = a is true for x = S 


1—tan 


b) Substitute x = 7- 


Ala 


From part a), sin 2x 
Left Side = tan 2x cos 2x 


~ snr(®) 


=3 
sin 2x 


Since Left Side = Right Side, the equation tan 2x = casos is true for x = 7: 


Ala 
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2 tan x 
c) tan2x=———— 
1—tan° x 


_ 2tanx cos’ x 
1—tan’ x| cos’ x 


2sin XcCos X 


~ cos? x—sin’ x 
Section 6.2 Page 307 Question 13 


2v’ sin @cos@ 
ie A 


x v’ sin 20 
g 


d 


b) Since the values of sine increases from 0 to | as @ increases from 0° to 90°, it is 
reasonable that the maximum distance occurs when 0 = 45°, or when the value of sin 2x 


is its maximum value, 1. 
Graphing the function y = sin 2x V4=sintZh) 
confirms this. 

The maximum distance would be 


eNOS, 
98 metres. 


c) It is easier after applying the double-angle identity since there is only one 
trigonometric function to consider. 


Section 6.2 Page 307 Question 14 
(sin x + cos x) =k 
sin? x + 2 sin x cos x + cos’ x =k 


1+ sin 2x =k 
Therefore, sin 2x = k—1. 
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Section 6.2 Page 307 Question 15 


a) cos’ x — sin* x = (cos” x— sin x)( cos” x + sin’ x) 
= cos” x — sin’ x 


= cos 2x 
b) 
csc’ x—2 | 2 
csc?x ——scsc?x 
=|-2sin’ x 
= cos 2x 


Section 6.2 Page 307 Question 16 


4—8sin?x — 4cos2x 


1-cos2x _1-—(1—2sin’ x) b) 
a) 2 2 2sin XCOS xX sin 2x 


= sin’ x 
_ 4 
tan 2x 


Section 6.2 Page 307 Question 17 


For the point (2, 5), x= 2, y=5 and sor= V29. 
cos (1 + x) = cos 2 cos X — sin 7 sin x 


: -( 5 | 0 [+s] 

as) \ a5 
oe 
29 
This answer can also be obtained by reasoning that the value of cos (a + x) will be 
numerically the same as the value of cos x, but negative because the angle is in 
quadrant II. 


Section 6.2 Page 307 Question 18 


sin 5x cos xX + cos 5x sin x = sin (5x + x) 
= sin 6x 
= 2 sin 3x cos 3x 
The equation sin 5x cos x + cos 5x sin x = 2 sin kx cos kx is true when k = 3. 
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Section 6.2 Page 307 Question 19 


a) Given cos@ = : and 0 < 0 < 27, 8 may be in quadrant I or quadrant IV. 


In quadrant I: sin® = = 


ee gale ae 
(Eh OG 


_ 4343 
10 


= 0.9928 


In quadrant IV: sin@ = = 


ae eae ean 
Ge} Ee) 


-4,/3 +3 
10 


x —0.3928 


b) Given sin@ = 5 and = <6 < 2z, 0 must be in quadrant IV. 


In quadrant IV, cos@ = ~. 


a eae eae 
EE 


V5 +2v3 


= ——— * 0.9500 
6 
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Section 6.2 Page 307 Question 20 
Given sin A = =: then cos A = Stan A = Z 


cos B= = then sinB alee ae 
13 1 12 


a) cos (A—B)=cos Acos B+ sin A sinB 


ALKENE 


65 


b) sin (A + B)=sin A cos B+ cos A sin B 


WFO 


65 


c) cos 2A = cos’ A—sin? A 


d) sin 2A =2sinAcosA 


ASI 
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Section 6.2. Page 307 Question 21 


?\sin 2x 
a) ————— = cos x 
2—2cos° x 
[?|2 sin xcos x 
=, Cos x 
2(1—cos* x) 
[?|2 sin xcos x 
a = COS X 
2(sin* x) 
[?|2 cos x 
—§— =cosx 
2sin x 


The equation will be true if the missing ratio is sin x. 


Section 6.2. Page 307 Question 22 


cos x = 2cos’ (S)-1 
cost cos'(2 ) 
+ cosx+l eA as 
V 2 ”) 


Section 6.2. Page 308 Question 23 


a) 
Y1=45inthl-scosetny 


Aaxirmum cero 
H=126.68699 '=5 H=26.869898 Y=0 


By analysing the graph using technology, the maximum is 5 and the horizontal shift is 
approximately 37. For the curve in the form y = a sin (x—c), a= 5 and c = 37°. 
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c) 4sinx—3cosx =5 sinx{ 2}-coss( 2) 


“{a(-— (8) 


= 5sin(x — 36.87) 


Section 6.2. Page 308 Question 24 
y =6 sin x cos’ x + 6 sin’ x cos x — 3 

y = 6 sin x cos x (cos’ x + sin’ x) — 3 

y=3 (2 sin x cos x) —3 

y=3 sin2x-3 


Section 6.2. Page 308 Question C1 


a) If itiess and eee” then Speco 
13 2 13 


i) Since cos x= -= and x in in quadrant III, x ~ 4.3176. Then, 


. TU 
sin X = —COS c + 4 


sin 2x =—cos [2s + z| 


sin 2x ~ —cos [243 176)+ 4 
sin 2x ~ 0.7101 


ii) sin 2x = 2 sin x cos x 


b) Using the double-angle identity is more straightforward. 
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Section 6.2. Page 308 Question C2 


a) b) To find the sine function from the graph 
Vi=esinthcostHe you compare the amplitude and the period to 
that of a base sine curve. The alternative 
equation is y = 3 sin 2x. This equation is 
found directly from the given equation 

y= 6 sin x cos x using the the double-angle 


identity. 
Section 6.2. Page 308 Question C3 
a) 
VI=Csinth ye 
es The graphs have the same shape and may be 


related by a reflection in the line y = 0.5 or 
by a translation of 90° to the right. 


b) I predict that y; + yo will be a WI=CSiNCHIIN EH CcosCHIINE 
horizontal line passing through (0, 1), 
because the two functions increase and 
decrease from 0 to 1 relative to each 
other, and their sum is always 1. 


TICs neces CHI e 

The resulting graph is a cosine function 
reflected over the x-axis and the period 
becomes 7. 


d) Using trigonometric identities, 
sin’ x — cos” x = 1 — cos” x — cos” x 
=1-2cos*x 
= —cos 2x 
So in the form f(x) = a cos bx, the function is f(x) =—cos 2x. 
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Section 6.3 Proving Identities 
Section 6.3 Page 314 Question 1 


sin x—sin xcos’ x _ sin x(1— cos” x) 


a) 


sin’ x sin? x 
_ sin x(sin’ x) 
gin? x 
= sin x 


cos’ x—cosx—2  (cosx—2)(cos x +1) 


b) 
6cosx—12 6(cos x — 2) 
_ cosxt+l 
SE. 
c) sin XCOs X—Sin X _ sin x(cos xX —1) 
cos’ x—1 (cos x—1)(cos x +1) 
_ sinx 
~ cosx+l 


tan? x—3tanx—4 _ (tan x—4)(tan x +1) 
sin x tan x + sin x sin x(tan x +1) 


d) 


tanx—4 
= ——— or secx—4cscx 
sin x 


Section 6.3 Page 314 Question 2 


. 2 
a) Left Side = cos x + cos x tan* x sin? x —cos2 x 
ks b) Left Side = — 
Sot aie Sin X+COSX 
COS X _ (sin x—cos x)(sin x + cos x) 
2 ey) ~ : 
_ cos X | sin’ x sin X + cos x 
COoSx  COSx = sin X— cos x 
l = Right Side 
COS X 
= sec x 
= Right Side 
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: sin Xcos X—sin x 
c) Left Side = 


cos’ x—1 

_ sin xcos X—sin x 
7 —sin’ x 

_ —sin x(1—cos x) 


—sin’ x 
_ 1-cosx 
 sinx 
= Right Side 


Section6.3 Page 314 Question 3 


a SINX | sec y = SIDX 1 
COS xX COSxX COSX 
_ sinx+1 
~ cosx 
b) 1 1 a sinx+1+sinx-1 
sinx-1 sinx+l (sinx—1)(sinx+1) 
_ 2sinx 
~ sin? x1 
_ 2sinx 
~ —cos” x 
_ —2 tan x 
~ cosx 


sin x 4 COSX _ sin’ x + cos x(1+cos x) 
l+cosx sinx (1+ cos x) sin x 


sin’ x +cos x +cos” x 


(1+ cos x)sin x 
_ 1+cosx 
(1+ cos x)sin x 
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d) Left Side = 


1—sin’ x 
14+2sinx—3sin* x 
_ (1-sin x)(1+sin x) 
7 (1—sin x)(1+ 3sin x) 


_ 1+sinx 


~ 143sinx 
= Right Side 


Page 27 of 81 


cosx | COSxX _ cos x(sec xX +1) +cos x(sec x —1) 
secx—1 secx+1 (sec x—1)(sec x +1) 


1 1 
cOsx +1]+cosx —1 
_ cos X COs xX 


sec’ x—1 
_ 1+cosx+1—cosx 


tan’ x 
_ 2 
tan’ x 


=2cot’ x 
Section 6.3 Page 314 Question 4 


SeCX—COSX  SCCX COSX 


tan x tanx tanx 
1 cos x cosx 
=| —— || —— |-cosx| — 
cosx /\ sinx sin x 
1 cos’x 


sinx sinx 


1 cos’x__ 1-cos” x 


b) — : 
sin x sin x sin x 


sin” x 


sin x 
=sinx 


Section 6.3 Page 314 Question 5 


V1=costh TI=Csinten etek sintay 


H=91.914894 [¥=".033415 H=91.924894 [¥=".033415 


sin 2x ‘ : 
From the graphs, cos x = 5 appears to be an identity. 
sin x 


sin2x _ 2sin xcos 


2sin x 2sin x 
= COS X 
To allow division by sin x, x # mn; nel. 
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Section 6.3 Page 314 


Question 6 


(sec x — tan x)(sin x + 1) = sec x sin x + sec x — tan x sin x — tan x 


1 ; 1 sinx ) . sin x 
= sin xX + sin X 
cos X cosx \cosx cos X 
1 sin? x 
COSX  COSX 
1—sin’ x 
COS xX 
_ COs’ x 
COS X 
=COSxX 
Section6.3 Page 314 Question 7 
CSCX 1 F . COS X 
= sin X + cos x cot xX = sin x+cos x| —— 
2cosx 2sinxcosx b) 
1 
sin 2x 
=csc2x l 
sin xX 
=CSCX 
Section6.3 Page 314 Question 8 


Hanna’s Method: 
cache 2 =* 
sin 2x 
de 2sin? x-1 
~ 2Qsin xcos x 
7 —2sin’ x 
~ 2sin xcos x 
_ —sinx 


COS X 
=—tanx 


= Right Side 


sin X 


_ sin? x+cos’ x 


Chloe’s Method: 


Pehsigee 
sin 2x 


_ 2cos*x-1-1 


2sin X COS X 
_ 2(cos’ x—1) 
~ 2Qsin xcos x 
_ 2(—sin’ x) 
~ 2Qsin xcos x 
_ —sinx 


COS X 
=—tanx 


= Right Side 


Hanna’s method is a bit simpler and leads to a shorter proof. 
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Section6.3 Page 314 Question 9 


a) Substitute vo = 21, 0 = 55°, and g = 9.8. 
Ge vo sin 20 
g 
_ 21’ sin 2(55°) 
9.8 


= 42.3 
The ball will travel approximately 42.3 m. 


v, sin20_ v,°2sin@cos0 
g g 
_ 2v,” sin’ Ocos 0 


b) 


gsin®@ 
2v,” sin’ 0 
~ g tan® 
_ 2v,"(1—cos” 8) 
g tan® 


Section 6.3 Page 314 Question 10 
a) The graphs of each side appear to be the same, so the equation is potentially an 


identity. 
TISCL A sinta ete keostay) W1= 


aztd hod T=L.0cbo04e sand oul) T=L.00cSH? 


Left Side = 


COS X 
_ 1 

~ 2sin xcos x 
= 

~ sin2x 

= csc 2x 

= Right Side 
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b) The graphs of each side appear to be the same, so the equation is potentially an 
identity. There is a restriction on the right side, x 4 0° + 180°n. 
TStsintarkcostaetlecss. V=CL-costackantes 


AH SEP aa? [YS e944 bros 


Left Side = SUX°OS* 
1+cosx 
_ (sin xcos x)(1—cos x) 


(1+ cos x)(1—cos x) 


__ sin xcos x—sin x cos” x 


sin” x 
_ COS X— COS” x 


sin x 
_ 1-cosx 
 tanx 
= Right Side 


c) The graphs of each side appear to be the same, so the equation is potentially an 
identity. 
TI=Csintntbanta ec Lecost TIRCsinte kee kash 


: sin xX + tan x 
Left Side = ———_ 
1+cosx 


sinx sinx 


= 1 SAX) (14.0089) 


1 COS X 


_( sin xcos x +sin x 1 
cosx 1+cosx 


-( es 1 
COS X 1+cosx 
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Section6.3 Page 314 


a) 


Left Side = 


c) 


Left Side = 


Section 6.3 Page 315 


sin 2x A cos 2x 


cCOsSxX  sinx 


2sin x COS X rn 1—2sin’ x 


cOsx sin X 
=2sinx+cscx—2sinx 


=cscx 
= Right Side 


cot x—l 


— tan x 
-. Stan-x 
~ tan x(1— tan x) 
ol 
~ tanx 
_ CSCX 


Sec x 
= Right Side 


a) Left Side = sin (90° + 0) 


= sin 90° cos 8 + cos 90° sin 8 


=cos 0 


Right Side = sin (90° — @) 


= sin 90° cos 8 — cos 90° sin 8 


=cos 0 


Question 11 


Question 12 


b) 
Left Side = csc” x +sec” x 
er 
sin’ x cos’ x 


_ sin’ x +cos* x 
gin? xcos? x 
P| 

~ sin? xcos? x 
= esc” xsec’ x 
= Right Side 


Left Side = Right Side, so sin (90° + 0) = sin (90° — 8). 


b) Left Side = sin (2x — 0) 


= sin (27) cos (0) — cos (27) sin (0) 


=—sin 8 
= Right Side 


So, sin (2a — 0) = —sin 0. 
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Section 6.3. Page 315 Question 13 


Left Side = 2 cos x cos y 

Right Side = cos(x + y) + cos(x — y) 
= cos X cos y— Sin x sin y + cos X cos y + sin x sin y 
=2 cos x cos y 


Section 6.3. Page 315 Question 14 


a) The 


sraphs of each side are different so the equation is not an identity. 


VE=CoNChECcoscnyy 


H=SB.29r ere W=.97erSh66 


b) Try x= 30°. 
Left Side = cos 2x Right Side = 2 sin x cos x 
= cos 2(30°) = 2 sin 30° cos 30° 


= cos 60° 1 4/3 
oes — 2. — —_——. 
: ae 
_N3 
2 
Left Side 4 Right Side, so cos 2x = 2 sin x sec x is not an identity. 


Section6.3 Page 315 Question 15 


1—cos 2x 
The left side denominator cannot be zero. 
So, cos 2x # 1, or 2x $ 0°, x# 0° + 180°n. 
COs X 
For the right side, cot x = winx’ °° sinx #0, orx #0°. 


In general, the non-permissible values are x # 180°n, n © I. 
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b) Left Side = 
—cos 2x 

_ 2sin xcosx 

~ 1-142sin? x 

_ COSX 


sin x 
=cotx 
= Right Side 


Section 6.3. Page 315 Question 16 


Right Side = sin 4x — sin 2x 


cos 4x + cos 2x 
_ 2sin2xcos2x—2sin xcos x 
~ cos4x+2cos? x-1 
_ 2(2sin xcos x)(2 cos’ x—1)—2sin xcos x 
- 2cos* 2x-1+2cos* x-1 
_ (2sin xcos x)(2(2 cos’ x—1)—1) 
7 2(2cos? x—1)? +2.cos” x—2 
7 (2sin xcos x)(4cos* x—3) 
~ 2(4cos* x—4 cos” x+1)+2cos” x—2 


__(2sin xcos x)(4cos” x —3) 
7 8cos* x—6cos” x 

_ 2sin xcosx 

~ 2cos? x 

= tan x 


= Left Side 


Section 6.3. Page 315 Question 17 


The graphs of each side appear to be the same. 
TI=Csinte kal costes TIES inte ka-banth 


ay 


H=B4.2S6319 ¥=.10080095 H=B4.256319 Y=.1008009% 
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ees 

1—cos2x 

_ sin2x+sin 2x cos 2x 
7 1—cos* 2x 

_ sin2x+sin 2x cos 2x 


sin” 2x 
1 cos2x 
= . + . 
sin2x sin2x 
1 1—2sin? x 
= . a . 
sin 2x sin 2x 
2 2sin’ x 


sin2x sin2x 


2sin’ x 
= 2csc 2x — —_____ 
2 sin XCOS xX 


=2csc2x—tan x 
= Right Side 


Section 6.3. Page 315 Question 18 


1—sin’? x—2cosx 


Left Side = 5 
cos’ x—cosx—2 
_ cos’ x—2cos x 
~ cos? x—cos x—2 
cos x(cos xX— 2) 


~ (cos x—2)(cos xX +1) 


_ -COSX 
(cos x+1) 
1 


~ 1+secx 
= Right Side 


Section 6.3 Page 315 Question 19 


a) n,sin0, =n, sind, 


n, sin 8, . 
——— = sin, 


Hy 


b) Using sin’ @ + cos’ 0 = 1, substitute cos@ = V1-sin’@ . 
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r-(4 cos 8, —n, cos@. ) 
n, cos @ +n, cos 8, 

2 
_| n, cos@,—n,./1—sin* 6, 
2 cos 8, +n,,/1—sin’ 8, 


n, sin 0, 


c) From part a) substitute sin8, = 


2 
n, cos 6, —n,,/1—sin’ 0, 
n,cos@, +n,Jl—sin? 8, } 
2 


2 
Me Vc 
——\2 | n,cos6,—n,,/l—| — | sin’9, 
n, cos0, —n,,/1—sin’ 0, n, 
n, cos, +n,,/1—sin’ 6, ay 
1 2 
n,cos0, +n,,/l1—| — | sin’ 0, 
n 
2 


Section 6.3. Page 315 Question C1 


2 
. 2D: n . 2 . 
, or sin’ 0, =| — | sin’ @,, in 
n, n, 


The graphs may appear to be the same but there may be some values that one function 
does not take; there may be discontinuities in the graph. Only pure luck would identify 
these values either by graphing or by checking numerically. 


Section 6.3. Page 315 Question C2 


Left Side = cos( 2 - «| 


TU . uw). 
= cos} — |cOSxX+Ssin| — |sin x 
a a 


=sinx 
Right Side 


Section 6.3. Page 315 Question C3 


a) In the equation, the radical must be positive and the radicand cannot be negative. So, 
cos x > 0 and 1 — sin? x > 0. The second condition is always true. 

From the first condition, x is in quadrant I or IV. The non-permissible values are any 
values of x in quadrant II or III. In general, the non-permissible values are 


Le eRe am nel 
2 2 
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b) The equation is true for x = 1. 
Left Side = cos 1 ~ 0.5403 Right Side = ./1—sin’(1) = 0.5403 


c) The equation is not true for x = 7. 


Left Side = cos x =—1 Right Side = ./1—sin*(z) =1 


d) An identity is always true for all values for which each side of the equation is defined. 
An equation may be true for a restricted domain. 


Section 6.4 Solving Trigonometric Equations Using Identities 
Section 6.4 Page 320 Question 1 


In the domain 0 < x < 27: 


a) tan’ x—tanx=0 b) = sin2x—sinx=0 
tan x (tan x — 1) =0 2 sin xX cos xX — sin x =0 
tanx=0 or tanx=1 sin x (2 cos x—1)=0 
m Su ; 1 
x= 0, 2, or X = —,— sin xX =0 or cosx= — 
4 4 2 
x= 0,72, or x= Uap 
aes 
c) sin’x—4sinx=5 d) cos 2x = sin x 
sin’ x —4 sinx-—5=0 1 —2 sin’ x = sin x 
(sin x — 5)(sin x + 1) =0 2 sin? x+sinx—1=0 
sinx=5 or sinx=-1 (2 sin x— 1)(sinx + 1)=0 
The first value for sin x is impossible. . 1 : 
sin x= — or sinx=-l 
see 2 
2 m Sa 3m 
x= —,— orx= 
6 6 2 
Section 6.4 Page 320 Question 2 
In the domain 0° < x < 360°: 
a) cos xX — cos 2x = 0 b)  sin’x—3 sinx=4 
cos x —(2 cos’ x — 1) =0 sin’ x —3 sinx—4=0 
2 cos’x—cosx—1=0 (sin x — 4)(sin x + 1) =0 
(2 cos x + 1)(cos x— 1) =0 sinx=4 or sinx=-1 
The first value for sin x is impossible. 


1 
a al or cos x= 1 x= 270° 


x = 120°, 240° or x = 0° 
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c) tanx cos x sinx—1=0 
sin x : 
Joosxsina-1=0 


COs xX 
sin’ x -1=0 

(sin x — 1)(sinx + 1) =0 

sinx=1 or sinx=-—l 
x = 90° or 270° 
However, the initial equation has 
restrictions cos 90° = 0 and cos 270° = 0 
are not permissible. 
So, there is no solution. 


Section 6.4 Page 320 Question 3 


In the domain 0 < x < 27: 


a) cos2x—3sinx=2 
1—2sin*x-3 sinx=2 
2 sin?x+3 sinx+1=0 

(2 sin x + 1)(sinx + 1) =0 


f 1 ; 
sin xX = 5 or sinx =—l 


7x 11a 3 
x= , orx= 


6 66 2 


c) 3cscx—sinx =2 


3( 2 ) sin xX =2 
sin X 


3 —sin? x =2 sinx 
sin’ x + 2 sinx-3 =0 
(sin x + 3)(sin x— 1) =0 
sinx =-3 or sinx=1 
The first value for sin x is impossible. 
1 


2 


x= 
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d) tan? x +3 tanx =0 
tan x(tan x + V3) =0 


tanx=0 or tan x ——J3 
x= 0°, 180°, or x = 120°, 300° 


b) 2cos’x—3 sinx—3=0 
2(1 — sin® x) —3 sinx-3 =0 
2 sin?x+3sinx+1=0 

(2 sinx + 1)(sinx + 1) =0 


. 1 : 
sin xX = —— or sinx=-—l 
2 
7x 11a 3 
x= , or X= 
6 6 2 
d) tan’ x+2=0 
a) 
Se 
COs’ X 


sin? x+2cos’ x=0 
sin* x + 2(1—sin* x) =0 


2-sin? x=0 
sin’ x = 2 is impossible, so the equation 
has no solution. 
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Section 6.4 Page 320 Question 4 


4 sin? x=1 
. 1 
sin? x =— 
4 
sin xX =+— 
2 


In the domain —180° <x < 180°: x =—150°, —30°, 30°, 150° 
Section 6.4 Page 320 Question 5 
2 tan? x+3tanx—2=0 
(2 tan x — 1)(tan x + 2) =0 
1 
tan xX = 5 or tan x =—2 


In the domain 0<x<2m: x ~ 0.4636, 3.6052, or x ~ 2.0344, 5.1760 
Section 6.4 Page 321 Question 6 


Sanesh should not have divided both sides by cos x. Some solutions were lost by doing 
that. 


2cos? x = V3 cos x 
2cos? x-J3 cosx=0 
cos x(2.cos x— V3) =0 


3 
cosx=0 or COS = 


x = 90° + 360°n and x = 270° + 360°n, or x = 30° + 360°n and x = 330° + 360°n, 
where n e€ I. 


Section 6.4 Page 321 Question 7 


a) sin 2x =0.5 
2x = sin ' (0.5) 
we Srlsm. Tie 
6°6' 6° 6 
In the domain 0 < x < 22: 


gece 


19 oD 
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b) Graph y = sin 2x and y = 0.5 over the domain 0 < 0 z and find the point(s) of 
intersection. 


Intersection Intersection 
H=.c61P99S9 Y=5 H=1.5089969 Y=.5 


Intersection Intersection 
H=s.40SS92 8 Y=.5 H=4.45058965 TY=.5 


Section6.4 Page 321 Question 8 


sin’ x =cos’x+ 1 
sin?x=1—sin?x+1 
2 sin®x-2=0 
2 (sin? x— 1) =0 
sin’ x= 1 


™ 
In general, x = 7 +2n,ne lI 


Section6.4 Page 321 Question 9 


cos X sin 2x — 2 sin x = —2 

cos x (2 sin x cos x) — 2 sinx +2 =0 
2 sin x cos? x —2 sinx +2 =0 

sin x(1 — sin? x)— sinx + 1=0 
sin xX —sin’ x-sinx+1=0 
sin’ x= 1 
sin x = | 


peed ; ; 1 
The general solution, in radians, is x = 5 +2an,n eI. 
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Section 6.4 Page 321 Question 10 


The equation (7 sin x + 2)(3 cos x + 3)(tan’ x — 2) = 0 will have 7 solutions over the 
interval 0° < x < 360°. The first factor yields two solutions, one each is in quadrants II 


aT Keo” ; ‘ Z 
and IV where x is sin (-3] . The second factor yields one solution, cos '(—1) and the 
third factor yields four solutions, one in each quadrant for tan | (+2). 
Section 6.4 Page 321 Question 11 
V3 cos xesc x = —2.cos x 


2cos x +3 cos xcscx =0 


cos x(2+ V3 ese x)=0 


cosx=0 or cscx=— 


sin x= 7 
Over the domain 0 < x < 27: 
_ nt 3m _ An Sa 


5 or x 
2 2 a 8 
Section 6.4 Page 321 Question 12 


: 2 1 ; 
Given that cos x = B and cos x = sr are the solutions for a trigonometric equation, then 


the equation has the form 
(3 cos x — 2)(3 cosx + 1)=0 
9 cos’ x —3 cosx—2=0 
So, in the form 9 cos” x — Bcos x — C= 0, B=—3 and C=-2. 


Section 6.4 Page 321 Question 13 


Example: Give a general solution, in degrees to the following equation. 
sin 2x + sin 2x cos x = 0 
sin 2x(1 + cos x) = 0 
sin 2x =0 orcos x=-l 
2x = 0°, 180°, 360°, ... or x = 180°, 540°, ... 
x = 0°, 90°, 180°, 270°, 360°,... 
In general, x = 90°n, n € I. 
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Section 6.4 Page 321 Question 14 


sin 2x = 2 cos x cos 2x 
2 sin x cos x —2 cos x cos 2x = 0 
2 sin x cos x —2 cos x (1 —2 sin* x) =0 
2 sin x cos x —2 cos x + 4 cos x sin’ x =0 
2 cos x (2 sin’ x + sinx— 1) =0 
2 cos x (2 sin x— 1)(sinx + 1) =0 


: 1 , 
cosx=0 or sinx= . or sinx =—l 


The general solution, in radians, is x = (<) (2n+1) orx= (=) +2an or (=) +2an, 
where n ¢ I. 
Section 6.4 Page 321 Question 15 


Over the domain —360° < x < 360°: 
cos 2x cos X — sin 2x sin x = 0 
(1 —2 sin x) cos x — 2 sinx cos x sinx = 0 
cos x —4 sin’ x cos x = 0 
cos x (1 —4 sin’ x) = 0 


; 1 
cosx=0 or sinx= a 


x =—270°, —90°, 90°, 270° or x = —330°, —210°, —150°, —30°, 30°, 150°, 210°, 330° 
There are 12 solutions in the given domain. 


Section 6.4 Page 321 Question 16 


sec x + tan? x—3cosx=2 
1 sin’ x 
+ 3cosx=2 


cosx cos’x 
cos x+sin? x—3cos* x—2cos* x =0 
2 3 2 
cosx+1l—cos’ x—3cos x—2cos’ x=0 


3cos’ x+3cos’ x—cosx—1=0 
Checking the equation, considering it as 3x° + 3x” — x — 1 = 0, with the factor theorem 
reveals that cos x + 1 is one factor. 
(cos x + 1)(3cos” x — 1) =0 


1 
cosx=—l or cosx ae 


The general solution, in radians, is x = 1 + 22n, or x ~ 0.9553 + an, where n €¢ I. 
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Section 6.4 Page 321 Question 17 


Asin’ x =3tan’ x-1 
sin? x 
4(1—cos* x) =3] —— |-1 
cos’ xX 
A4cos* x—4cos* x =3sin* x—cos’ x 
4cos* x—4cos* x = 3(1—cos* x) —cos* x 
A4cos’ x—4cos* x =3—4 cos’ x 
4cos* x-—8cos* x+3 =0 


(2cos* x—3)(2cos” x—1) =0 
eres or eese 
2 2 
1 
The first equation is impossible, so cos x = +—~—. 
V2 
Then, the general solution, in radians, is x = 47+ m,nel. 


Section 6.4 Page 321 Question 18 


1—sin? x—2cosx tel 


cos?x—cosx-2 3 
3-—3sin’ x—6cosx=—cos’ x+cosx+2 
3cos’ x+cos’ xX-7cosx—2=0 
4cos’ x—7cosx—2=0 
(4cosx+1)(cosx—2)=0 


The second factor does not yield any possible solutions. 
From the first factor, cos x = —0.25. 
In the domain —a < xX <a, x © 1.8235 or x =—1.8235. 


Section 6.4 Page 321 Question 19 


4(16°° *) = cy OES 
?? (Ger) = a OCS 


2+4 cos” x _ 7 6cosx 
2 2 


Then, 2+4cos* x =6cos x 


2cos’ x—3cosx+1=0 
(2cos x—1)(cos x-1) =0 
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1 
So, cos xX = a or cos X= 1. 


os : ; ™ 
The general solution, in radians, is x = a + 2nn or X= 2an,n € I. 


Section 6.4 Page 321 Question 20 


sin’a+cos B=m @ 
cos'atsinsB=m @ 

Add © + @. 

sin? a + cos’ a + cos” B + sin® B =m’? +m 
2=m>+m 

0=m°>+m-2 

0=(m+2)(m—1) 

m=—2 orm=1 


Section 6.4 Page 321 Question C1 


a) To express the equation sin x — cos 2x = 0 in terms of one trigonometric function, sine, 
use the identity cos 2x = 1 — 2 sin’ x. 


b) Substitute cos 2x = 1 —2 sin’ x. 
sin xX — cos 2x = 0 

sin x — (1 —2 sin’x) =0 

2 sin?x + sinx—1=0 

(2 sin x— 1)(sinx + 1) =0 


c) 2sinx—1=Oorsinx+1=0 
sin X= 2 or sinx=—1 
2 


For the domain 0° < x < 360°, 
x = 30°, 150°, 270° 


d) 
V1=sinta-coseeny 


H=LfG v=o 
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Section 6.4 Page 321 Question C2 


a) It is not possible to factor 3 cos” x + cos x — 1 because there are no two integers with a 
sum of | and a product of 3. 


—~1+J2 -4()(-1) 
2(3) 

_-1+vi3 

6 

—0.7676 or 0.4343 


b) cosx= 


Q 


c) Over the domain 0° < x < 720°, x = 140.14°, 219.86°, 500.14°, 579.86°, or 64.26°, 
295.74°, 424.26°, 655.74°. 


Section 6.4 Page 321 Question C3 


Example: sin 2x cos x + cos x = 0. This is not an identity because it is not true for all 
value of x. For example, when x = 0° the left side has value 1 and the right side has value 
0. 

sin 2x cos x + cos x = 0 

2sin x cos X + cos xX = 0 

cos x(2sin x + 1) =0 


. 1 
cosx=0 or se oar 


In general, x = 90° + 180°n, or x = 135° +180°n, where n ¢€ I. 


Chapter 6 Review 
Chapter 6 Review Page 322 Question 1 


In each, the denominator cannot be 0. 


. 3sinx 
a) For the expression 
COS X 


Sa 2 1 
, cos X #0. So the restriction is aL nel. 


._ COSX 
b) For the expression 
tan x 


Doha as 1 
, tan x # 0. So the restriction is x # [=| n, nel. 


; sin X 1 eae 
c) For the expression er eer 1—2cosx#0. Then, cos x # > . So, the restriction is 
—2cosx 


™ 
Nees oh nel. 
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COS X 
d) For the expression — —— 
sin” X— 


1 
Bear is nel. 


, sin’ x — 1 £0. Then, sin x =+1. So, the restriction is 


Chapter 6 Review Page 322 Question 2 
sinx sin x SEC X 1 1 
=sinX+ b) = +|— 
tan x COSX cSsCX COSX sin x 
‘ COS xX sin x 
= sin x| — = 
sin x COS X 
=COSX = tanx 
c) d) 
. sin x csc X—sin x 1 . COS X 
aKa sin X+———_ —_§_ =| —-sinx |+| — 
Sih Aer LA COS X cot x sin x sin x 
1+cosx 1+cosx 9 . 
. 1—sin’ x \( sinx 
sin x(cos x + 1) = : 
= + (1+ cos x) sin x COS X 
COS X : 
= ns _ COS” X 
COS X 
= COS X 


Chapter 6 Review Page 322 
a) tanxcotx= [S2*) [<ee*) 
cos x /\ sin x 
=1 
1 
+ 


csc? x sec’ x 
=] 


b) 


c) sec” x—tan? x= 


cos’ x cos’ x 


‘hes sin? x 
cos’ x 
_ COs’ x 


cos’ x 
=] 
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= sin’ x+cos’ x 


1 sin? x 


Question 3 
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Chapter 6 Review Page 322 Question 4 
When x = 30°: 
Left Side = —S* Renisie == 
l—sinx COS X 
_ cos30° _ 1+sin30° 
1—sin 30° cos 30° 
ase i -(13}2 
2 2 2 2 
= 43 (9) = (3+) 
,) 2) ah 
=/3 -./3 
Left Side = Right Side 
When x = = : 
4 
Left Side = °5* Reside = 
1—sinx COS X 
™ ee 
cos — 1+sin— 
= 4 2 4 
ae ™ 
1-—sin— cos — 
4 4 
-++(1-5 -(a)+ 
a a2 V2) 2 
1 2 (Bn 2 
V2\ 42-1 2 il 
1 =/241 
— or A ee | 
J2-1 


Left Side = Right Side 
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Chapter 6 Review Page 322 Question 5 


a) Examples: When x = 7 
1 
Left Side = ,/tan* (+) +1 Right Side = (Hy 
7 cos (*) 
= V1+1 oi 
zal 7 
Left Side = Right Side 
When x = 1: 
Left Side =,/tan?(1) +1 es 
~ 1.8508 ie : 


Left Side = Right Side 


H=S.1L081715 Y=1.000558? H=S.1L081715 [Y=-1.000859 


The graphs appear to be the same for = <= 5 but differ for = x< = ‘ 


c) The graph shows that both sides of the equation do not have the same value for all 
values in the given domain. There are many values of x for which the two sides of the 
equation have different values. 


Chapter 6 Review Page 322 Question 6 
a) f(x) = sin x+ cos x + sin 2x + cos 2x 
f(0) = sin 0 + cos 0 + sin 2(0) + cos 2(0) 


=0+1+0+1 
=2 
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ig =sin [= } 00s [=}+sina{#)+00s2{ =| 
6 6 6 6 6 
= 333, : 
22 2 2 


=14+3 


b) f(x) =sin x+ cos x + sin 2x + cos 2x 
= sin x + cos x + 2 sin x cos x + (1 —2 sin’ x) 
=sinx + cos x+2sinxcosx—2 sin’x+ 1 


c) This Fourier series cannot be written using only sine or only cosine because the three 
terms sin x + cos x + 2 sin x cos x cannot be expressed in terms of one of the ratios. 


d) f(x) =sin x+ cos x + sin 2x + cos 2x + sin 3x + cos 3x 

f(x) = sin x + cos x + sin 2x + cos 2x + sin 3x + cos 3x + sin 4x + cos 4x 

f(x) = sin x + cos x + sin 2x + cos 2x + sin 3x + cos 3x + sin 4x + cos 4x + sin 5x + cos 5x 

f(x) = sin x + cos x + sin 2x + cos 2x + sin 3x + cos 3x + sin 4x + cos 4x + sin 5x + cos 5x 
+ sin 6x + cos 6x 

The curved does not smooth out VA=sintHIecoschesintehIec_ 

perfectly, but the last equation above 

gives a reasonable approximation, as 

shown. 


Chapter 6 Review Page 322 Question 7 


a) sin 25° cos 65° + cos 25° sin 65° b) sin 54° cos 24° — cos 54° sin 24° 
= sin (25° + 65°) = sin (54° — 24°) 
= sin 90° = sin 30° 
=] _1 
2 


™ mn . ad. = 
c) cos—cos—+sin—sin— = cos| —-— 
4 12 4 12 
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™ i eI mt 
d) cos—cos sin — sin —— = cos] —+— 
6. 12 6 12 6 12 


Chapter 6 Review Page 323 Question 8 


a) sin 15° = sin (45° — 30°) 
= sin 45° cos 30° — cos 30° sin 45° 


(Ble}Gae) 
_N3-1 | N6-v2 
22 4 


ae +3) 
iOmGua Cac 
(ROLE) 
_1+¥3 “ J2+V6 

5/5 4 
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Cc) d) 


tan 165° = tan (120° + 45°) . Sa mR 
_ tan 120° + tan 45° eu 12 =sin( 24 *) 
~ 1-tan120°tan 45° ae ae a 
et - in| * co oa 
L=t-/3) 
(9) ‘(Ble 
(58) (8) Poe 
4228 "224 
ae: 
-./3-2 


Chapter 6 Review Page 323 Question 9 


Given ese. "<A<xz, Ais in 
13° 2 


quadrant II and sin A = = 


a) cos A-=|=cosAcos~+sin Asin= 
4 4 4 


-( slgllals) 


7 oe 
“Bv2— 
: 1 c) sin2A =2 sin Acos A 
b) sin Aa = sin Acos} — 3 +cos Asin| — 3 _ 


Bkvale ia 


26 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 6 Page 51 of 81 


Chapter 6 Review Page 323 Question 10 


2 
_ 1 ™ . 9% 1 . 1 ™ 
sin—+cos— | =sin* —+cos° —+ 2sin—cos— 
8 8 8 8 8 8 


=1+sin2( =| 
8 


—1+sin™ 

4 
=1+—— 
V2 


Chapter 6 Review Page 323 Question 11 


cos’ x—cos2x _ cos” x—(cos” x—sin’ x) 
0.5sin2x 0.5(2 sin x cos x) 
sin’? x 
~ gin xcos x 

_ sin x 


COS X 
= tan x 


Chapter 6 Review Page 323 Question 12 


“ l-sin?x cos’ x 
cos xsinx—Cosx _ cos x(sin x—1) 
_ cosx 
~ sinx-1 


b) tan” x— cos’ x tan” x = tan” x(1 — cos” x) 
= tan’ x sin’ x 


Chapter 6 Review Page 323 Question 13 


a) Left Side = 1 + cot’x b) Right Side = csc 2x — cot 2x 
aig 3 1 cos2x 
sin’ x sin2x sin2x 
_ sin’ x+cos” x 1—(2cos* x—1) 
sin’ x ~-Qsin xcos x 
ab em _ Qsin? x 
sin’ x 2sin xcos x 
ay eee = tan x 
= Right Side 
: = Left Side 
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c) Left Side = sec x + tan x 


1 sin xX 
+ 


CcOSX COSX 
_ 1+sinx 


COS X 
ee aS sin’ x 
(1—sin x) cos x 


COS xX 


: 1—sinx 
= Right Side 


Chapter 6 Review Page 323 


a) When x= 7 
Left Side = sin 2x 


=sin2 (=) 
4 


me 
= sin — 
Z 


=1 


Left Side = Right Side 


d) Left Side = : + : 
l+cosx 1—cosx 
_ l-cosx  1+cosx 


l—cos?x 1-—cos’x 
= 2 
sin? x 


= 2csc’ x 
= Right Side 


Question 14 


5 F 2t 
Right Side = a 
+ tan” x 


2tan{ *) 

meee 

1+ tan’ (4) 
4 


The fact that an equation is true for one particular value does not prove that it is an 
identity. An identity is true for all permissible values. 


b) The non-permissible values occur when tan x is undefined. 


1 
xX=—-+nn1, nel 
2 


c) Left Side = sin 2x 
= 2sin Xcos xX 
_ 2sin XCOS’ X 
7 cos X 
_ 2tanx 


sec? x 

7 2 tan x 
1+tan? x 

= Right Side 
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Chapter 6 Review Page 323 Question 15 


: cosx+cotx b) Left Side = sec x + tan x 
a) Left Side = ———_—_ 
sec x+ tan x 1 , Smx 
Os = 
cosx+— COS X COS X 
= sin X 1+sinx 
1 i toro 
Peau COS X 
x ; 
COSX COSX ce 


sin Xcos’ x ss cos” x 
____sinx sin x 
1+sinx 
(sin x+1)cos” x 


sin X 
1+sinx 
COS XCOS X 
sin X 
cos xcot x 
= Right Side 


Chapter 6 Review Page 323 Question 16 


: (1—sin x) cos x 


_ COSX 
1—sinx 
= Right Side 


a) To prove that cos 2x = 2 sin x sec x is an identity, you might use algebraic reasoning 
or compare the graphs of each side. It is definitely not an identity if you find a value for 


which the left side is not equal to the right side. 


b) When x = 0, the left side has value | and the right side has value 0. So, the equation is 


not an identity. 
Chapter 6 Review Page 323 Question 17 


Use the domain 0 < x < 27. 


a) sin2x+sinx=0 b) cot x+ 3 =0 


2 sin x cos x + sinx=0 
sin x (2 cosx+ 1)=0 


; 1 
sinx=0 or cosx= —-— 
2 
pore”. pil 
5x lla 
x=—, — 
6 6 
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cot x= 3/3 


1 
tan xX = —-—= 


V3 
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c) 2 sin’ x—3 sinx—2=0 
(2 sin x + 1)(sinx — 2) =0 


sin X = 5 or sin xX = 2 (which is not possible) 


7x (1a 
x= en) a 
6 6 
d) sin’ x = cos x — cos 2x 


1 — cos’ x = cos x — (2cos” x - 1) 
cos’ x —cos x =0 
cos x(cos x— 1)=0 
cos x=0 or cosx=1 


Chapter 6 Review Page 323 Question 18 


a) 2 sin 2x = 1 


V1=c5inten 


sin 2x = SS 
2 


2x = 30° or 150°, or 390°, 510°, ... 

So, in the domain 0° < x < 360°, 

x = 15°, 75°, or 195°, 255°. 

Graph y = 2 sin 2x and y = | to verify the 
four values. 


b) sin’ x= 1 + cos” x 
sin’ x — cos’ x = 1 
—cos 2x = 1 
cos 2x =—1 


2x = 180°, 540°, ... 

So, in the domain 0° < x < 360°, 

x = 90°, 270°. 

Graph y = sin’ x and y = 1 + cos” x to 
verify the two values. 


Cc) 2 cos’ x=sinx+1 
2(1 — sin* x) =sinx +1 
2 sin’ x + sinx—1=0 Viaskeosthee 


(2 sin x — 1)(sinx + 1) =0 
sin X= Ld or sinx=—-l 
2 


x = 30°, 150°, or x = 270° 
Graph y = 2 cos’ x and y = sin x + 1 to 
verify the three values. 
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d) cos x tan x — sin’ x = 0 


sin X 3 
COS X —sin’ x=0 
cOsx 


sin x — sin? x =0 
sin x(1 — sinx )=0 Vi=costhkanthI-sinthe 
sinx=0 or 1—sinx=0 
sin x = 1 
x= 0°, 180° x = 90° 
Graph y = cos x tan x — sin’ x to verify 
the roots. The other possible root, 
x = 90°, does not check. 
The solution is x = 0°, 180°. 


Chapter 6 Review Page 323 Question 19 


4cos’x—-1=0 


egae 

4 
aes 
2 


ee: ; : ™ 
The general solution, in radians, is x = + 3 +na,nel 


Chapter 6 Review Page 323 Question 20 


een eae 
25 
2cos” a a 
25 
ey 
25 
P 16 
cos’ x = — 
25 
4 
cosx=+— 
5 


Chapter 6 Review Page 323 Question 21 


2 sin xX cos X= 3 sinx 
2 sin x cosx—3 sinx=0 
sin x (2 cos x —3)=0 


. 3 
sinxX=0 or cosx= . 
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The second equation is impossible. 


So, in the domain —27 < x < 2a, x = —2n, —a, 0, 2, 27. 


Chapter 6 Practice Test Page 324 


cos2x—1  —2sin’ x 


sin 2x 2sin XCOS xX 
sin X 


cos xX 
=—tan x 
The correct answer is A. 


Chapter 6 Practice Test Page 324 


cos@ sin®@ 
cot 8+ tan 89 =——+ 
sin@ cos 
_ cos’ 6+sin* 6 
sin 9 cos@ 
1 


sin 8 cos 8 
The correct answer is A. 


Chapter 6 Practice Test Page 324 


tan’ @cscO + ie. 
sin 8 


sin’ 0 [ i ) 1 
| pe 
cos’@ /\sinO) sind 


= sin’ @+cos’0 


cos’0sin 0 
_ 1 
cos’ Osin0 


= sec’ Acsc8 
The correct answer is D. 


Question 1 


Question 2 


Question 3 
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Chapter 6 Practice Test Page 324 


a i Se 
cos — cos ——sin —sin — 
5 6 5 6 


T 1 
=cos| —+— 
e 4 


11x 
= cos — 
30 


The correct answer is D. 
Chapter 6 Practice Test Page 324 


4 cos” x — 2 = 2(2cos” x — 1) 
= 2 cos 2x 


The correct answer is A. 


Chapter 6 Practice Test Page 324 


If sin @ =c and 0<0<-, 


Question 4 


Question 5 


Question 6 


cos (x + 0) must be in quadrant III, with y= —Vl-c’ . 


So cos (1+ 0) = —Vl-c’. 


The correct answer is D. 
Chapter 6 Practice Test Page 324 


a) cos 105° = cos (60° + 45°) 


Question 7 


= cos 60° cos 45° — sin 60° sin 45° 


HEHE Ne 
15. v3-v6 
22 4 
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: 7 um . 1 
= Sin —Cos —+ cosS— Sin 
6 4 


BE} Ge 
V3+1 | v6+V2 
22 4 


Chapter 6 Practice Test Page 324 


Left Side = cot 6 — tan 8 
= I —tand 
tan 0 
Ls 1—tan’6 
tan 0 
=2 cot 20 
= Right Side 


0-(2]n, nel 
2 


Chapter 6 Practice Test Page 324 


Theo’s Formula = Ip cos” 0 
= Io = Io sin’ 0 
I, 
csc’ 0 
= Sany’s Formula 


0 


Chapter 6 Practice Test Page 324 


a) seccA+2=0 
1 a, 
cosA 
1 
cos A =—— 
2 


Question 8 


Question 9 


Question 10 


The reference angle for A = 2 and A is in quadrant II or III. 
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So, A= ae 2an, or a 2an, where ne I. 


b) 2 sin B =3 tan’ B 
sa. 2 

2sin B=3 a= 

cos’ B 


2sin Bcos’ B—3sin’ B=0 
2sin B(1— sin? B)—3sin* B=0 
2sin B—2sin* B—3sin’ B=0 
sin B(2—3sin B—2sin*B) = 0 
sin B(2 + sin B)(1—2sin B) = 0 


sin B=0 or sin B= > 


So, B=an, nel orB= Gt Ann, or ** 4 2an, nel. 


Cc) sin 20 sin 0 + cos’ 0= 1 
2 sin 8 cos 6 sin 8 + cos? 9— 1=0 
2 sin’ 6 cos 6 — sin? 0 =0 

sin’ (2 cos 8-1) =0 


sin 8=0 or cos 0 = — 


So, 0 = an, nelor@=+2-+2an, nel 


Chapter 6 Practice Test Page 324 Question 11 


sin 2x + 2 cosx=0 

2 sin x cos x + 2 cosx =0 
2 cos x (sinx + 1) =0 
cosx=0 or sinx=—] 


1 
So, X= or X= 
2 


oh . : 1 
The general solution, in radians, is x = ai mn, nel. 


Chapter 6 Practice Test Page 324 Question 12 


Given sin§ = - and 0 is in quadrant III, then cos = =. 
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cos eee ~cos§ cos +sin@sin— 
6 6 6 


+ CE} s)a) 


10 


Chapter 6 Practice Test Page 324 Question 13 


2 tan x cos’ x= 1 


sin X 
2 cos’ x=1 
COs x 


2sinxcosx=1 


sin2x =1 
Ras 

2 

Tl 

x= — 

4 


So, in the domain 0 < x < 2a, x = 5 or =. 


Chapter 6 Practice Test Page 324 Question 14 


sin’ x + cos 2 x—cos x =0 
sin’ x + cos” x — sin’ x —cos x= 0 
cos’ x— cos x=0 
cos x (cos x— 1) =0 
cosx=0 or cosx=1 
In the domain 0° < x < 360°, x = 0°, 90°, 270°. 
The zeros of the graph confirm these three values. 
VIHsinte eects ka-cost] 


n=90 v=o 
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Chapter 6 Practice Test Page 324 Question 15 


cot x 


a) Left Side = 
csc x—l 


_ cot x(cscx +1) 
esc? x1 

_ cot x(cscx +1) 
~ 1+cot?x-1 
_ (escx+]) 

7 cot x 

= Right Side 


b) Left Side = sin (x + y) sin (x — y) 
= (sin x cos y + sin y cos x)(sin X cos y — sin y Cos x) 
= sin’ x cos’ y — sin’ y cos” x 
= sin” x(1 — sin’ y)- sin’ y (1 — sin’ x) 
= sin’ x — sin’ y 
= Right Side 

Chapter 6 Practice Test Page 324 Question 16 

2 cos’ x +3 sinx—3=0 
2(1 — sin? x) +3 sinx—3 =0 
2-2 sin? x +3 sinx-3=0 


2 sin’ x—3 sinx+1=0 
(2 sin x — 1)(sinx— 1) =0 


: 1 . 
sinx= — or sinx=1 
2 
oe . : 1 5a 
The general solution, in radians, is x = a 2an, as 2an, nel, 


™ 
OPN Vou nel. 


Cumulative Review, Chapters 4-6 


Cumulative Review, Chapters 4-6 Page 326 Question 1 


a) 7 £2an,neN 
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b) —100° + (360°) n, neN 


Cumulative Review, Chapters 4-6 


a) m= 180° 
So, 1-a( ) 
1 
= 229° 


Cumulative Review, Chapters 4-6 


2102 

180 
_ 7h 
6 


a) 210° = 


Cumulative Review, Chapters 4-6 


circumference 
42 

_ 1(175) 

42 

213.1 


a) arc length = 


The arc length between each gondola is 13.1 ft, to the nearest tenth of a foot. 


arclength — 70 
circumference 360 


70 
arc length = 2(175)| —— 
gth = x (2) 


~106.9 


In rotating through 70°, the gondola travels 106.9 ft, to the nearest tenth of a foot. 


Cumulative Review, Chapters 4-6 


a) Substitute r=5inx +y =r. 
v+y=5 

ot 

x+y =25 


—100 


Page 326 Question 2 


by 23% _ ~5(180°) 
3 3 
= -~300° 


Page 326 Question 3 


Page 326 Question 4 


Page 326 Question 5 
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b) Substitute x= 3 andy= V7 inx’+y=r’. 
37 + (v7) = 
94+7=r° 
r° =16 
The equation of the circle through P( 3, V7) is x?+ y = 16. 


Cumulative Review, Chapters 4-6 Page 326 Question 6 


1 VB 
a) P(0) = (-$.-2), ene 


terminates in quadrant III. 


Tl Tl 
b) The reference angle of 0 is 3° In the interval —22 < 0 < 27, 0 = _? > 3° 
T V3 1 . ; 
c) The coordinates of P| 9+ a rn ah When the given quadrant III angle is 


rotated through a) its terminal arm is in quadrant IV and its coordinates are switched and 


the signs adjusted. 


2° 2 
rotated through —z, its terminal arm is in quadrant I and its coordinates are the same but 
the signs adjusted. 


1 V3 
d) The coordinates of P(0 — 2) are [ 8) When the given quadrant III angle is 


Cumulative Review, Chapters 4-6 Page 326 Question 7 


\ ee | 
a) 45° is in an isosceles right triangle with sides a ; Whi 9 


1 1 
P(-45°) = (= , -=. | 
1 1 
ras-( 5-75) 


The points have the same x-coordinates 
but opposite y-coordinates. 
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b) 675° = 360° + 315°, so P(675°) is coterminal with P(315°). 
This angle has a reference angle of 45° and terminates in quadrant IV. 


1 1 
pers) = +5). 
765° = 720° + 45°, so P(765°) is coterminal with P(45°). 
This angle has a reference angle of 45° and terminates in quadrant I. 


1 1 
P(765°) = (5). 


The points have the same x-coordinates but opposite y-coordinates. 


Cumulative Review, Chapters 4-6 Page 326 Question 8 


: 4 . 
a) A rotation of 7 takes the terminal arm of 
the angle into quadrant III, with reference 


angle = as shown. 


eee 
3 


b) A rotation of 300° takes the terminal arm of the angle into quadrant IV, with reference 
angle 60°. In quadrant IV, cosine is positive. 


cos 300° = ul 
2 


c) A rotation of —570° is —-(360° + 210°) and takes the terminal arm of the angle into 
quadrant I, with reference angle 30°. In quadrant II, tangent is negative. 


tan(—570°) = = 


B 


d) A rotation of 135° takes the terminal arm of the angle into quadrant II, with reference 
angle 45°. In quadrant II, sine and cosecant are positive. 


esc 135° =— : 
sin 45° 


-J2 


: aT ; or 
e) A rotation of a. is on the y-axis above the origin. 
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This is undefined. 


f) A rotation of = =2n+ = and takes the terminal arm of the angle into quadrant 


Tt ; 
IV, with reference angle a In quadrant IV, tangent and cotangent are negative. 


=-3 
Cumulative Review, Chapters 4-6 Page 326 Question 9 


a) 


b) First determine r. Substitute x =—9 and y = 12 intox’+y’=r’. 


x+y =e 
9 + 127=P 
r= 075 
r=15 
sin® =— cos§ =— tand =~ 
r r x 
_2 a2 _12 
15 15 —9 
¢ _ 3 ae! 
5 5 3 
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Then, eas sega => ree 
4 3 4 


c) Since 0 is in quadrant II, and the reference angle is sin ' (0.8), 
0 = 126.87° + 360°n, where n ¢€ I. 


Cumulative Review, Chapters 4-6 Page 326 Question 10 


a) For sin@ = -5 the reference angle is Z and @ is in quadrant III or IV. 


So, in the domain —2a < 0 < 22, 0= ug Eu re 
6 6 6 6 


3. VB 


b) For sec@ = aes or cos§ =—= = ae the reference angle is 30° and 0 is in quadrant 


Tor IV. 
So, in the domain —180° < 8 < 180°, 8 = —30° or 30°. 


c) For tan 0 = —1 the reference angle is 7 and 0 is in quadrant II or IV. 


So, in the domain 0 < 6 < 27, g-— or = 


Cumulative Review, Chapters 4-6 Page 326 Question 11 
a) For cos0= -= the reference angle is 5 and @ is in quadrant II or III. 


Then, the general solution is 0 = + 2mn or = +2an, nel. 
b) For csc 0 = 1, or sin 0 = 1, O is a Then, the general solution is 6 = ii 2an,n € I. 


c) For cot 0 = 0, or tan 0 is undefined, 0 is 5 and =. Then, the general solution is 


O= stan eL 
2 


Cumulative Review, Chapters 4-6 Page 326 Question 12 


a) sin 8 = sin 8 tan 0 
sin 8 — sin 8 tan 0 = 0 
sin 8 (1 — tan 0) =0 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 6 Page 67 of 81 


sin8=0 or tanO=1 


In the domain 0 < 0 < 22, 0=0, a, 2a or 0= a. 
b) 2 cos? 6+5 cos 8+2=0 

(2 cos 0 + 1)(cos 8 + 2) =0 

cos 8 = -5 or cos 8 =— 2 (which is impossible) 


In the domain 0 < 0 < 22, 0 = a=. 


Cumulative Review, Chapters 4-6 Page 326 Question 13 


a) 4tan*@—1=0 
(2 tan 0— 1)(2 tan 0+ 1)=0 
tan § = Z or tan 0 = = 
2 2 
In the domain 0° < 0 < 360°, 8 = 27°, 153°, 207°, 333°. 
b) 3sin°0—2sin0=1 


3 sin’ 0—2 sinOd—1=0 
(3 sin 0 + 1)(sin 0 — 1) =0 


sin 8 = - or sinO=1 
In the domain 0° < 0 < 360°, 8 = 199°, 341° or 8 = 90°. 
Cumulative Review, Chapters 4-6 Page 326 Question 14 


For the sine function in the form y = a sin b(x — c) + d, the amplitude a = 3, the period 
1 ™ 
b= >> and the horizontal shift is c = “4: 


_ 1 ™ 
The equation is Y = amar , 


Cumulative Review, Chapters 4-6 Page 327 Question 15 


=3 20 
a) y — ° ¥= 3 cos|/26 


360 , 
amplitude is 3, period is > or 180° | 


there is no phase shift or vertical 
displacement 
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b) y =-2 sin (30 + 60°) 

y =—2 sin 3(0 + 20°) 
amplitude is 2, period is 120°, the phase 
shift is 20° to the left, there is no vertical 
displacement 


c) y=Scos(0+2)—4 


1 
amplitude is >> period is 27, phase shift 


is m units to the left, and the vertical 
displacement is 4 units down. 


amplitude is 1, period is 47, phase shift 
Tl 


4 
displacement is | unit up. 


is 7 units to the right and the vertical 


Cumulative Review, Chapters 4-6 


a) 


60° | 120° 180° 240°) 300° 360° 


V; 
Y= ~+2\sin (38 + 60° 


n 
t 
Y= 5 Cps 0 + 7) + 4 


Page 327 Question 16 


From the graph, the amplitude is 2,the period is 
360°, the phase shift is 30° to the right and the 
vertical displacement is 3 units up.So, in the 
equation a= 2,b=1,c = 30°, andd=3. 

The equation is y = 2 sin (x — 30°) + 3 or 

y=2 cos (x— 120°) +3. 


From the graph, the amplitude is 1,the period 


Tl 
is 1, the phase shift is 3 to the left and the 


vertical displacement is | unit down. So, in 


1 
the equation a = 1,b=2,c= 3 and d= 1. 


; 1 
The equation is Y = Sin af» + =| —l or 


1 
=cos2| x+— |-l 
y | ; 
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Cumulative Review, Chapters 4-6 Page 327 Question 17 


360° 19 P 
a=4,b= 300° ,c=-30°, d=-3 


The equation of this cosine function is y = 4 cos 1.2 (x + 30°) —3. 


Cumulative Review, Chapters 4-6 Page 327 Question 18 


a) 
seats 
—én|_an/ZA 


2 


b) The equations of the asymptotes in the 


domain —22z < 60 <0 are 
2 . 30 ae Tl 
=—-— and X=-—. 
rk 2 2 
2 


Cumulative Review, Chapters 4-6 Page 327 Question 19 


Nila 


a) Assume that the horizontal axis passes through the centre of the wheel. The height of 
the wheel varies 25 m above and below the centre, so the amplitude is 25. The centre of 
the wheel is 26 m above the ground so the vertical displacement is 1. The wheel rotates 


4a 2m 
twice in 22 min, so the period is 30 or 71° For a passenger starting at the lowest point 
on the Ferris wheel, an equation representing their motion is 


h(x) = -25 cos x +26. 


b) Determine x when h(x) = 30. 
30 = —-25 cos x +26 


25cos—= x = 26-30 


x © 3.03 
The passenger is 30 m above the ground after 3.0 min, to the nearest tenth of a minute. 
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Cumulative Review, Chapters 4-6 Page 327 Question 20 


1—cos’0 


1 
a) For cos’ 0 +0. So, the non-permissible values are 0# > +mn, nel. 


cos’°8 ” 
1-cos’@_ sin*0 


cos?0 cos’ 0 
= tan’? @ 


b) For sec x csc x tan x, sin x # 0 and cos x # 0. So, the non-permissible values are 


TL 
x#|—|n, nel 
5) 
1 1 sin X 
sec xcscx tan x = - 
cos X /\. sin x /\ COS x 


1 


cos’ x 


= sec’ x 
Cumulative Review, Chapters 4-6 Page 327 Question 21 


a) sin 195° = sin (45° + 150°) 
= sin 45° cos 150° + cos 45° sin 150° 


(Sle 


DMG. SMe 
= cos—cos— +sin—sin 
3 4 


7 
4 


(HAGE 


oe _ 6-2 
224 
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Cumulative Review, Chapters 4-6 Page 327 Question 22 


a) 2e0s? 1 = c0s2{ =] 
8 8 


= cos — 
_ 
/2 
b) sin 10° cos 80° + cos 10° sin 80° = sin (10° + 80°) 
= sin 90° 
231 
tan — + tan —— 
12 5x 230 
9 Sn 23m [Fe 
1—tan >” tan In 2 
12 
28 
= tan —— 
12 
70 
= tan — 
a 
= 3 


Cumulative Review, Chapters 4-6 Page 327 Question 23 


a) Substitute A = 30°: 
Left Side = sin? A + cos” A + tan? A Right Side = sec” A 
= sin” 30° + cos” 30° + tan’ 30° = sec” 30° 


(2) -) “oe 


Left Side = Right Side 


b) Left Side = sin? A + cos” A + tan? A 
=1+tan?A 
=sec” A 
= Right Side 
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Cumulative Review, Chapters 4-6 Page 327 Question 24 


a) The graphs of each side of the equation look the same, so the equation may be an 
identity. 
VI=CLttantae tie costa) VI=sinth+costhy 


1+ tan x 


b) Left Side = 
sec x 


1 tan x 
+ 


secx secx 
sinx 1 


=Ccosx+ 
COSX COSX 


=cosx+sinx 
= Right Side 


Cumulative Review, Chapters 4-6 Page 327 Question 25 


cos 8 —sin@ cos 20 
a nnn eee Right Side = 
Left Side cos§+ sin 8 - 1+sin20 


cos’ 0—sin’? 6 


cos’ 0+sin? 0+2sin0@cos@ 


_ (cos0—sin 0)(cos@ + sin 8) 


7 (cos@+sin 8)(cos@+sin@) 
_ cos0—sin@ 


~ cos@+sin0 
Left Side = Right Side 


MHR °* 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 6 


Page 73 of 81 


Cumulative Review, Chapters 4-6 Page 327 Question 26 


a) sec’ x=4 tan’ x b) = sin2x+cos x =0 
1 + tan? x =4 tan’ x 2 sin x cos xX + cos x= 0 
1 =3 tan’ x cos x(2 sinx + 1)=0 
5 1 ; 1 
tan” x =— cos x=0 or sinx = -— 
a 2 
1 v8 
tanx =+—~— x=—+1n, nel or 
3 2 


6 
Cumulative Review, Chapters 4-6 Page 327 Question 27 
a) (sin 0 + cos @)* — sin 20 = 1 
sin’ 0 + 2 sin 0 cos 0 + cos” 0 —2 sin 0 cos 0 = 1 

sin’ 0 + cos’ 0 =1 


This is an identity, so the solution is all values of 0. 


b) Yes, the equation is an identity because the left side simplifies to 1. 


Unit 2 Test 


Unit 2 Test Page 328 Question 1 


If tan®@ = - and cos 0 < 0, then @ is in quadrant III. 


r= rey 
r= Vi3 


Then, cos 20 = 2 cos” @— 1 


13 


The best answer is B. 
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Unit 2 Test Page 328 Question 2 
The point (3, —5) is is quadrant IV. 
r=Q) +@) 


r= 34 


sin (x — 9) = sin z cos 8— sin 9 cos 1 


aya 


5 


a 


The best answer is D. 


Unit 2 Test Page 328 Question 3 
If the range is —-2 < y < 6, the amplitude is 4 and the vertical displacement is 2 units up. 
So,a=4 andd=2. 


The best answer is C. 


Unit 2 Test Page 328 Question 4 


For the function f(x) = 3cos [4s + z| or f(x) =3cos4 [ + *| , 


the period is =, or - and the phase shift is 7" units to the left. 


The best answer is C. 


Unit 2 Test Page 328 Question 5 


When the graph of y = cos x is translated to the right - units it is the same as the graph 


of y= sin x. So, y= 3 cos -4) has a graph that is equivalent to y = 3 sin x. 
The best answer is B. 


Unit 2 Test Page 328 Question 6 


y = tan x is not defined when cos x = 0. This occurs when x = 90° + 180°n, n € I. 
The best answer is D. 
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Unit 2 Test Page 328 Question 7 


. sin 0 
. sin8 + 
eon — 
1+cos@ 1+cos@ 
_ sin8cos@+ sin 0 
cos 0(1+ cos 8) 
_ sin 0(1+cos@) 
cos 0(1+ cos 0) 


= tan@ 
The best answer is C. 


Unit 2 Test Page 328 Question 8 


: : ._ secOcscO ‘ 
By inspection, the arr =sec0 cannot possibly be true. 
co 


Consider B: Left Side = tan” 6 — sin’ 0 


awe 
sin'Q@ 
= —sin’ 6 


~ cos’ 0 

_ sin’ —sin’ 0 cos” 0 
7 cos’ 0 

_ sin’ 0(1—cos” 9) 

7 cos’ 0 

= tan’ @sin* @ 

= Right Side 

1—cos 20 


Consider C: Left Side = 


_ 1-(-2sin’ 6) 
) 


sin’ 0 
Right Side 
tan’ 6 

1+ tan’ 0 

= tan’ 0 


sec’ 0 


_( sin? ( 
cos?0} \cos?0 


= sin’ 0 
= Right Side 


II 


Consider D: Left Side = 
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Equations B, C and D are identities. 
The best answer is A. 


Unit 2 Test Page 328 Question 9 
Wa 1l2a+5n 
3 3 
=41+ ot 
3 


17x . ; ns . 
So = is coterminal with = and is in quadrant IV with reference angle 


. 170 ae 
sin —— = ——. 
3 2 


es. 


The exact value of o iS ares 


Unit 2 Test Page 328 Question 10 


If r(x is on the unit circle then 


The possible values of x are : and - : 


Unit 2 Test Page 328 Question 11 


If cos = = and — @ < 7m, then @ is in quadrant II and y = 12. 
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Then, sin G4 = sin@ cos + cos0 sin 
4 4 4 


stoleaued) es 


7 742 
=—= or —— 
13/2 —-26 
The exact value of sin C + *) is Z or 72 
4)  13J2 26 
Unit 2 Test Page 328 Question 12 
a _ 6 ee 8 6 — 
2n 2n(4) 360° 27(4) yp 
° ‘a 
9 = 3 = 3(360°) 
2 An 
= 85.9° 


The measures of 8 in radians and degrees, to the nearest tenth of a unit, are 1.5 and 85.9°. 
Unit 2 Test Page 329 Question 13 


If V3 sec0—2=0 


secQ = = 
V3 
So 8 is in quadrant I or IV with reference angle = : 
For —22 < 8 < 27, 0 = iid oY eg 
6 66 6 
Unit 2 Test Page 329 Question 14 
b) 51 _ 52(180°) 
3 3m 
= —300° 


c) All coterminal angles are given by = +2mn,neN. 
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10 An. : a ; ‘ 
d) No. = =21+ a its terminal arm is in quadrant III, and so this angle is never 


. . 5m 
coterminal with as : 


Unit 2 Test Page 329 Question 15 


5 sin’ 0+ 3 sind-2=0 
(5 sin 8 —2)(sin 8+ 1) =0 
5sin8—-2=0 or sinO+1=0 
sin68=0.4 or sinO=—-l 
For 0<0<22, 00.412, 2.730, or 4.712. 


Unit 2 Test Page 329 Question 16 


Sam is correct. In the first step, Pat has lost two solutions by forgetting the negative 
square root. 
The correct solution is: 


Asin? x =3 
2sinx —+ V3 


V3 


sin x = +— 
2. 


yal 2xn 4n 5a 
3° 3° 3° 3 


Unit 2 Test Page 329 Question 17 


a) 
b) The range is 4 <y <2. 


y= sin Fitathd 6O7y=1 


c) The amplitude is 3, the period is 720°, 
the phase shift is 60° to the left, and the 
vertical displacement is 1 unit down. 


d) 3 sin = (+ 60°) -1=0 
1 1 
sin —(x + 60°) =— 
| ) 3 
$(x+ 60°) ~19.5° or 160.5° 


X ~—21° or 261° 
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Unit 2 Test Page 329 


a) 
TIHetL Chante eesinta se 


H=S.9437014 Y=.99944156 


Unit 2 Test Page 329 


a) For x= a 
3 


Left Side = tan = + 


Left Side = Right Side 


Question 18 


b) g(9) =sin 20 
c) f(®) =2 cot 0 sin’ 0 


=o SP sin’e 
sin 8 


= 2cos@sin8 
= sin 20 


Question 19 


sec — 
Right Side =——- 
sin — 


b) Non-permissible values occur when sin x = 0 and cos x = 0. In general, the non- 


., m7 
permissible values are x # 7 nel. 


c) Left Side = tanx+ 


tan x 
_ tan’? x+1 
7 tan x 
sec” x 


tan x 


COS X 


1 
= sec xX - 
cos x /\ sin x 


_ secx 


sin x 
= Right Side 
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Unit 2 Test Page 329 Question 20 


a) For the function h(t) = 2.962 sin (0.508t — 0.107) + 3.876, 

the amplitude is 2.962 and the vertical displacement is 3.876 and the maximum height of 
the tide presumably occurs at the maximum of the curve which is 2.962 + 3.876. The 
maximum height of the tide is predicted to be 6.838 m. 


b) The period is an 
0.508 


, or 12.368. The period of the function is approximately 12.37 h. 


c) Atnoont= 12. 
h(12) = 2.962 sin (0.508(12) — 0.107) + 3.876 
~ 3.017 
The height of the tide at 12 noon was about 3.017 m. 
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Chapter 7 Exponential Functions 
Section 7.1 Characteristics of Exponential Functions 


Section 7.1 Page 342 Question 1 


a) The function y =x’ is a polynomial function, not an exponential function. 


b) The function y = 6* is an exponential function. The base is greater than 0 and the 


independent variable is the exponent. 


1 


c) The function y = x? is a square root function, not an exponential function. 


d) The function y = 0.75" is an exponential function. The base is greater than 0 and the 


independent variable is the exponent. 


Section 7.1 Page 342 Question 2 


a) Forx=5, 
fix) =4 g(x) = (5 h(x) = 2* 
f(5)=4 g(5) = (=| h(5) = 2° 

7 ol = 
f(5) = 1024 g(5) iA h(5) = 32 
The function f(x) has the greatest value when x = 5. 
b) For x=-5, 
fix) = 4 g(x) = (+ h(x) = 2* 
fi-sy=4° g(-5) = (+ h-s)=25 

a _5) = ee 2 

f(-5)= 1024 g(-5) = 1024 h(-S) 39 


The function g(x) has the greatest value when x = —5. 


c) Any base raised to the exponent 0 is 1. 


fix) = 4 g(x) = (5 h(x) = 2* 
f(0) = 4° g(0) = (5 h(0) = 2° 
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f(0) = 1 g(0) = 1 h(0) = 1 
Section 7.1 Page 342 Question 3 
a) For y=5*,c> 1 so the graph is increasing. The graph will pass through the point 


(1, 5). Graph B. 


b) For y= (+ , C< 1 so the graph is decreasing. The graph will pass through the point 
(1, 0.25). Graph C. 


c) For y= (3 , C< 1 so the graph is decreasing. The graph will pass through the 
approximate point (1, 0.67). Graph A. 
Section 7.1 Page 343 Question 4 


a) There is a pattern in the ordered pairs. 


hd 


NJ] | O|x 


1 
3 
9 


As the value of x increases by | unit, the value of y increases by a factor of 3. Therefore, 
for this function, c = 3. 
Use the point (1, 3) to check the function y = 3”: 


Left Side Right Side 
y 3" 
=3 = 3) 


The function equation for the graph is y = 3°. 


b) There is a pattern in the ordered pairs. 


si y 
—2 2 
—l 5 
0 1 


: 1 
As the value of x increases by | unit, the value of y decreases by a factor of re Therefore, 


for this function, c = 


alr 


: 1 
Use the point (—1, 5) to check the function y = 2) : 
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Left Side Right Side 


() 


Ly 
The function equation for the graph is y = (2) : 
Section 7.1 Page 343 Question 5 


The domain is {x | x € R}, and the range is {y| y>0,y € R}. 
The y-intercept is 1. 

The function is increasing. 

The equation of the horizontal asymptote is y = 0. 


The domain is {x | x € R}, and the range is {y| y>0,y € R}. 
The y-intercept is 1. 

The function is increasing. 

The equation of the horizontal asymptote is y = 0. 


The domain is {x| x € R}, and the range is {y| y>0, y € R}. 
The y-intercept is 1. 

The function is decreasing. 

The equation of the horizontal asymptote is y = 0. 


The domain is {x| x € R}, and the range is {y| y>0, y € R}. 
The y-intercept is 1. 

The function is decreasing. 

The equation of the horizontal asymptote is y = 0. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 7 Page 3 of 43 


Section 7.1 Page 343 Question 6 


a) The bacteria in a Petri dish doubling their number every hour represents growth. 


So,c> 1. 


b) The half-life of the radioactive isotope actintum-225 represents decay. So, c < 1. 


c) The amount of light passing through water decreases with depth represents decay. 


So,c< 1. 


d) The population of an insect colony tripling every hour represents growth. So, c > 1. 


Section 7.1 Page 343 Question 7 


a) The function N = 2' is exponential since the base is greater than zero and the variable 
p g 


t is an exponent. 


Number of People 
Infected 


0 2|4 16 
Time (days) 
b) 
i) For t=0, ii) For t= 1, iii) For t= 4, iv) For t= 10, 
N=2° N=2!' N=2' N=2" 
= =2 = 16 = 1024 


At the start, 1 After 1 day, 2 
person has the virus. | people have the 
virus. 


After 4 days, 16 
people have the 
virus. 


After 10 days, 1024 
people have the 
virus. 


Section 7.1 Page 343 Question 8 


a) If the population increases by 10% each year, the population becomes 110% of the 
previous year’s population. So, the growth rate is 110%, or 1.1 written as a decimal. 


mo 
te 
= 
II 
— 


Fish Population 
(in hundreds) 


Time (years) 
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The domain is {t|t>0,t € R}, and the range is 
{P|P=100,P € R}. 
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c) If the population decreases by 5% each year, the population becomes 95% of the 
previous year’s population. So, the growth rate is 95%, or 0.95 written as a decimal. 


d) 

a P. The domain is {t | t>0, t < R}, and the range is 
2g P(t) = 0.95" {P|0<P<100,P € R}. 

32 

az @: 

as 

uw 


: 6 
Time (years) 


Section 7.1 Page 344 Question 9 


a) The exponential function that relates the amount, L, as a percent expressed as a 
decimal, of light available to the depth, d, in 10-m increments, is L = 0.9%, 


(decimal) 


Percent|oflLight| > 


0 2|41/16/6I\d 
Depth (10-m increments) | 


c) The domain is {d|d=>0,d € R}, and the range is {L |O0<L<1,L € R}. 


d) 25 mis the same as 2.5 10-m increments. 


For 2.5, 
L=0.94 
=0.9°° 
= 0.7684... 


The percent of light that will reach Petra if she dives to a depth of 25 m is approximately 
76.8%. 


Section 7.1 Page 344 Question 10 


a) Let P represent the percent, as a decimal, of U-235 remaining. Let t represent time, in 
700-million-year intervals. Then, the exponential function that represents the radioactive 


decay of | kg of U-235 is P(t) = G : 
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i 
—_ 


Mass of U-235 
Remaining (kg) 


0 214/16! 8 
Time (700-million-year intervals) 


c) From the graph, it will take 3 700-million-year intervals, or 2 100 000 000 years, for 
1 kg of U-235 to decay to 0.125 kg. 


d) The sample in part c) will never decay to 0 kg, since P = 0 is the horizontal 
asymptote. 


Section 7.1 Page 344 Question 11 


a) 


V=s OBB4e52 


b) It will take approximately 64 years for the deposit to triple in value. 


Intersection 
H=BS.Fcb56F T= 


c) The amount of time it takes for a deposit to triple does not depend on the value of 
the initial deposit. Since each $1 amount invested triples, it does not matter what the 
initial investment was. 


d) From the graph, the approximate doubling time for this investment is 40 years. 
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Intersection 
H=SE.OGSORE =< 


From the rule of 72, the approximate doubling time for this investment is = ; 


or 42 years. 
Section 7.1 Page 344 Question 12 


Let P represent the world population, in billions. Let t represent time, in years, since 

2011. Then, the exponential function that represents world population over time is 

P(t) = 7(1.0127)'. The population of the world will reach 9 billion in approximately 20 
ears, or the year 2031. 


Intersection 
H=L5.9129F1 %=9 


Section 7.1 Page 344 Question 13 


b) The points (x, y) on the graph y = 5* become the points (y, x) on the graph of the 
inverse of the function. Thus, the domains and ranges are interchanged. Also, the 
horizontal asymptote of the graph y = 5“ becomes a vertical asymptote of the graph of the 
inverse of the function. 


c) The equation of the inverse of the function is x = 5”. 
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Section 7.1 Page 345 Question 14 


5 ; 1)" ; 
a) The function D = 2 ° can be written as D = G . The coarser the material, the 


greater the diameter. Therefore, a negative value of @ represents a greater value of D. 


3 
b) The diameter of fine sand is G , or 0.125 mm. The diameter of coarse gravel is 
1)" al 
pale or 32 mm. Thus, fine sand is 5h the diameter of coarse gravel. 


Section 7.1 Page 345 Question 15 


a) Graph A(t) = (2.7183)°°” and A(t) = 2 and determine 
the point of intersection. The approximate doubling 
period is 34.7 years. 


b) Graph A = (1.02)' and A = 2 and determine the point 
of intersection. The approximate doubling period is 
35 years. 


c) The results are similar, but the continuous compounding function gives a shorter 
doubling period by approximately 0.3 years. 


Section 7.1 Page 345 Question C1 


a) Graph f(x) = 3x and g(x) = x° on the same set of axes. Graph h(x) = 3* separately. 
oo 
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b) 


domain {x | xe R} {x | x € R} | {x | x € R} 
range | lyeR} WiveR) |Wly>QveR} 
x-intercept 0, | «intercept 0, | no x-intercept, 


intercepts | yinterceptO | yinterceptO | y-intercept 1 
uations of 
pe one i eres aia 


c) Example: All three functions have the same domain, and each of their graphs has a 
y-intercept. The functions f(x) and g(x) have all key features in common. 


d) Example: The function h(x) is the only function with an asymptote, which restricts its 
range and results in no x-intercept. 


Section 7.1 Page 345 Question C2 


a) 


ui} fm |Win) | Oo] ss 
L 


c) No, the points do not form a smooth curve. The locations of the points alternate 
between above the x-axis and below the x-axis. 


d) Using technology to evaluate f @ and f (5 results in an error: non-real answer. 


hirxec: fereee.. 
2 2 


f(x) =(-2)" fe)=(2)" 


2 5) _ (2 
f Cae, ion 2) 


Both values are undefined. 
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e) Example: Exponential functions are defined to only include positive bases, because 
only positive bases result in smooth curves. 

Section 7.2 Transformations of Exponential Functions 

Section 7.2 Page 354 Question 1 


Compare each function to the form y = a(c)’*~" + k. 
a) For y = 2(3)", a= 2. This is a vertical stretch by a factor of 2: choice C. 


b) For y=3* *, h=2. This is a horizontal translation of 2 units to the right: choice D. 


c) For y= 3*+ 4, k=4. This is a vertical translation of 4 units up: choice A. 
d) Fory=35,b= : . This is a horizontal stretch by a factor of 5: choice B. 


Section 7.2. Page 354 Question 2 


Compare each function to the form y = a(c)"*~"" +k. 


xt] 
a) Fory= (2) , h =-1. This is a horizontal translation of 1 unit to the left: choice D. 


b) For y= (2) ,a=—l. This is a reflection in the x-axis: choice A. 


c) For y= (2) , b=~-1. This is a reflection in the y-axis: choice B. 


d) Fory= [2] 2,k=—-2. This is a vertical translation of 2 units down: choice C. 


Section 7.2 Page 354 Question 3 


Compare each function to the form y = a(c)’*— + k, 
a) For f(x) = 2(3)"- 4, 

a = 2, vertical stretch by a factor of 2 

b= 1, no horizontal stretch 

h=0, no horizontal translation 

k = -4, vertical translation of 4 units down 
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b) For g(x) = 6" *+3, 

a= 1, no vertical stretch 

b= 1, no horizontal stretch 

h = 2, horizontal translation of 2 units to the right 
k = 3, vertical translation of 3 units up 


c) For m(x) =-4(3)**°, 

a = -4, vertical stretch by a factor of 4 and a reflection in the x-axis 
b= 1, no horizontal stretch 

h =—5, horizontal translation of 5 units to the left 

k = 0, no vertical translation 


l 3(x-1) 
d) Fory= G ‘ 


a = 1, no vertical stretch 
b = 3, horizontal stretch by a factor of ; 


h= 1, horizontal translation of 1 unit to the right 
k= 0, no vertical translation 


e) For n(x) = -5(5)"" +3, 


1 : 1 ae: ; 
a= , vertical stretch by a factor of 5 and a reflection in the x-axis 


b = 2, horizontal stretch by a factor of - 


h = 4, horizontal translation of 4 units to the right 
k = 3, vertical translation of 3 units up 


2 2x-2 2 2(x-1) 
For y= —| — sOr y= AS 
oa Bi . a 


a=—l, reflection in the x-axis 
1 
b = 2, horizontal stretch by a factor of ri 


h = 1, horizontal translation of 1 unit to the right 
k = 0, no vertical translation 


x4 
2 


g) For y= 1.5(0.75) 7 - 


> 


Nn 


a = 1.5, vertical stretch by a factor of 1.5 


b = —, horizontal stretch by a factor of 2 


£ 
2 
h= 4, horizontal translation of 4 units to the right 
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5 : . ae 
= “38 vertical translation of 5 units down 


Section 7.2. Page 355 Question 4 


a) Since the graph has been reflected in the x-axis, a < 0 and 0 <c< 1. The graph has 
also been translated 2 units up, so k = 2. Choice C. 


b) The graph has also been translated 1 unit to the right and 2 units down, so h = 1 and 
k=—2. Choice A. 


c) Since the graph has been reflected in the x-axis, a< 0 and c > 1. The graph has also 
been translated 2 units up, so k = 2. Choice D. 


d) The graph has also been translated 2 units to the right and 1 unit up, so h = 2 and 
k= 1. Choice B. 


Section 7.2. Page 355 Question 5 
| Aye) 
a) od eae es, +2, 


1 1 
a= re vertical stretch by a factor of 5 


b =-1, reflection in the y-axis 

h = 3, horizontal translation of 3 units to the right 
k = 2, vertical translation of 2 units up 

b) c) 
yoae | va bare | ya tape ge? 


y= fl pay 2) 
a4 ¥= 54) re 
(246) | (276) | 32 (5.5 i 
(3) | (-4) | (+3) (32 
(1) | (1) (0 +) (3, 3) 
(1.4) | (1.4) | (122) (2. 4) 
(2.16) | (-216)| (28) (1, 10) 


d) The domain is {x |x € R}, and the range is {y| y>2,y € R}. 
The equation of the horizontal asymptote is y = 2. 
The y-intercept is 34. 
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Section 7.2. Page 355 Question 6 


a) i), ii) For y= 2(3)' + 4, 

a = 2, vertical stretch by a factor of 2 
b= 1, no horizontal stretch 

h=0, no horizontal translation 

k = 4, vertical translation of 4 units up 


iv) The domain is {x |x € R}, and the range is {y| y>4,y € R}. 
The equation of the horizontal asymptote is y = 4. 
The y-intercept is 6. 


b) i), ii) For m(r) = -(2)'* +2, iii) 
a=—l, reflection in the x-axis 

b= 1, no horizontal stretch 

h = 3, horizontal translation of 3 units to 
the right 

k = 2, vertical translation of 2 units up 


iv) The domain is {r|r € R}, and the range is {m|m<2,me R}. 
The equation of the horizontal asymptote is m = 2. 


: 2d : ; 
The m-intercept is = , and the r-intercept is 4. 


c) i), ii) Fory= 34" +1, 


1 
a= a vertical stretch by a factor of : 


b= 1, no horizontal stretch 

h =—1, horizontal translation of 1 unit to 
the left 

k = 1, vertical translation of 1 unit up 


iv) The domain is {x |x € R}, and the range is {y| y>1,y € R}. 
The equation of the horizontal asymptote is y = 1. 


The y-intercept is ; : 
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1 
d) i), ii) For n(s) = eae . =9 
: 2\3 , 
1 . 1 
= =5 vertical stretch by a factor of 5 


and a reflection in the x-axis 


= ; , horizontal stretch by afactorof4  /+-+--+-+----}-|-~-+--.- 


h=0, no horizontal translation 
k = -3, vertical translation of 3 units 
down 


mre 3b3) +3 


iv) The domain is {s|s € R}, and the range is {n|n<-3,ne R}. 
The equation of the horizontal asymptote is n =—3. 


The n-intercept is = : 


Section 7.2. Page 355 Question 7 


a) To obtain the graph of y = f(x — 2) + 1, the graph of f(x) must be translated 2 units to 


x-2 
the right and | unit up: y = Gq aed 


b) To obtain the graph of y = —0.5f(x — 3), the graph of f(x) must be vertically stretched 
by a factor of 0.5, reflected in the x-axis, and translated 3 units to the right: 
y =-0.5(5)*?. 


c) To obtain the graph of y = —f(3x) + 1, the graph of f(x) must be reflected in the x-axis, 


3x 
horizontally stretched by a factor of ; , and translated 1 unit up: y = (+ ls 


d) To obtain the graph of y= 2f ste ) 5, the graph of f(x) must be vertically 


stretched by a factor of 2, horizontally stretched by a factor of 3, reflected in the y-axis, 
1 


and translated | unit to the right and 5 units down: y = 274) 2°” = 


a. 
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Section 7.2 Page 356 Question 8 


a) Map all points (x, y) on the graph of f(x) to (x + 2, y+ 1). 
- 


ath 
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Section 7.2. Page 356 Question 9 


a) The number 0.79 represents the 79% b) 
of the drug remaining in the body of a 


1 
dose taken. The number = represents 


the decay rate of the dose taken. The 


+> 
& 3 
dose decreases by 79% every F h. AE) = 17 


Mass of Drug Remaining (mg) | 


10 | 20 | 30 
Time (h) 


c) The M-intercept represents the dose of 100 mg. 


d) For this situation, the domain is {h| h>0,h € R} and the range is 
{M|0<M<100,Me R}. 


Section 7.2. Page 356 Question 10 


a) Substitute Tj = 95 and T;= 20 into b) ; ; 

T(t) = (T, -T,)(0.9)5 +T, : = | 

2] 

‘ : | 

T(t) = 75(0.9)5 +20. 2 T(t) + 75(0.9)° + 20 | 

a= 75, vertical stretch by a factor of 75 ry rt 
BS : , horizontal stretch by a factor of 5 5 
h=0, no horizontal translation $ 

k = 20, vertical translation of 20 units up 3 0|.| 40 6 1120] 1601 Tt! 

Time (min) | 


c) Substitute t = 100. 


T(t) = 75(0.9)5 +20 
100 


T(100) = 75(0.9) 5 +20 
T(100) = 29.1182... 
The temperature of the coffee after 100 min is approximately 29.1 °C. 


d) The equation of the horizontal asymptote is T= 20. This represents 20 °C, the final 
temperature of the coffee. 
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Section 7.2 Page 356 Question 11 

a) For 5000 bacteria, a = 5000. For an increase of 20%, c = 1.2. For an increase that 
happens every 2 days, b= ; . Then, the transformed exponential function for this 
situation is P= 5000(1.2)? . 


b) a=5000, vertical stretch by a factor of 5000 
b= > , horizontal stretch by a factor of 2 


h = 0, no horizontal translation 
k = 0, no vertical translation 


c) From the graph, the bacteria population after 9 days is approximately 11 357. 


VWELiser7 bre 


Section 7.2. Page 356 Question 12 


Sat § : 1 
a) The initial percent of C-14 in an organism is 100%, so a = 100. For half-life, c= —. 


NO 


Since the half-life of C-14 is about 5730 years, b = = Then, the transformed 


exponential function that represents the percent, P, of C-14 remaining after t years is 
t 


1 \5730 
p= 100(5)"". 
2 


b) From the graph, the approximate age of a dead organism that has 20% of original 
C-14 is 13 305 years old. 


Intersechoy oo 
H=L2204.648 sen 
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Section 7.2. Page 357 Question 13 


a) Let A represent the area covered by the bacteria. Let t represent time, in hours. The 


doubling time for the area is 10 h, soc = 2 and b= =. Since the initial area was 


100 cm’, a= 100. Then, A = 100(2)"° . 
Substitute t = 24, 


A=100(2)!° 
24 
=100(2)" 
= 527.803... 
By Tuesday morning (24 h later), the bacteria covers an area of approximately 527.8 cm’. 


b) Determine the surface area of Earth: 6378 km = 637 800 000 cm 
SA =4ar 
= 4n(637 800 000) 
a511 X10" 


Graph A = 100(2)!° and A=5.11 x 10'®. It would take 


these bacteria about 555 h to cover the surface of Earth. [Intersection 
neeee O4ies T=5.11E18 


Section 7.2. Page 357 Question 14 


a) Let P represent the fox population. Let t represent time, in years. 

The initial fox population was 325 15 years ago, so a = 325 and h =-15. The population 
: 1 4 (tH5) 

doubled in 15 years, so b = = and c = 2. Then, P = 325(2)* : 

Substitute t = 20, 


A 415) 
P=325(2)" 
+ (20415) 


= 325(2)5 


= 1637.897... 
The fox population in 20 years will be about 1637. 


b) Example: Disease or lack of food can change the rate of growth of the foxes. 
Exponential growth suggests that the population will grow without bound, and therefore 
the fox population will grow beyond the possible food sources, which is not good if not 
controlled. 
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Section 7.2. Page 357 Question C1 


Example: The graph of an exponential function of the form y = c* has a horizontal 
asymptote at y = 0. Since y # 0, the graph cannot have an x-intercept. 


Section 7.2. Page 357 Question C2 
a) Example: For a function of the form y = a(c)’*~" + k, the parameters a and k can 
affect the x-intercept. If a> 0 and k< 0 ora <0 and k > 0, then the graph of the 
exponential function will have an x-intercept. 
b) Example: For a function of the form y = a(c)’*~" + k, the parameters a, h, and k can 
affect the y-intercept. The point (0, y) on the graph of y = c’ gets mapped to (h, ay + k). 
Section 7.3 Solving Exponential Equations 
Section 7.3. Page 364 Question 1 
a) 4 — Oy b) 83 = (2°) 

= gle = 2? 


J -(@) _ 
c) |=] =|/=— 
8 2 


Section 7.3 Page 364 Question 2 


a) 2° and 4? =2° b) 9% =(3’)*and 27 =3° 
= 3°* 


2x x-1 2\%! 1 x-2 3x72 z re 
PaO) or mee 


_ = 3xt6 
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Section 7.3 


a) (Vi6) =(4y 


-4’ 


Page 364 Question 3 


0) Vi6 (<4) = 404)" 
= 4(47) 
= 

Section 7.3 


Page 364 Question 4 


a) pha = 4x3 
ate = Ca 
pha = 9x6 
Equate the exponents. 
4x=2x+6 
2x=6 
x=3 


b) ose! = 5 
(5°) _ 5°* 

57? = 5°* 
Equate the exponents. 
2x — 2 = 3x 

x= 2 


c) ou = gv! 

aul = Gy 

ond = gots 
Equate the exponents. 
wt+1=2w-2 

w=3 
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b) V6 =i/4? 


= 4°(4) 
- 43 
Check: 
Left Side Right Side 
4x 4x +3 
= 740) 4ee3 
= 912 = 48 
= 4096 = 4096 


Left Side = Right Side 
The solution is x = 3. 


Check: 

Left Side Right Side 
25* -1 53% 

= 752-1 = 53(2) 

=95> =5> 

ee. =. + 
15 625 15 625 


Left Side = Right Side 
The solution is x = —2. 


Check: 
Left Side Right Side 
wt+l w-l 
3 9 
as 33 +] = 9° -1 
_ 34 = 9 
= 81 = 81 


Left Side = Right Side 
The solution is w = 3. 
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d) 36h" = go 
(6° yo = 67" 


a = ai 


Equate the exponents. 


6m—2=2m+5 
4m=7 
‘i 
m= — 
4 


Section 7.3 Page 364 Question 5 


a) 43% = Qx3 
Cy = (2 
pox = 3x9 
Equate the exponents. 
6x = 3x -—9 
3x =-9 
x=-3 


b) 27° =9*° 
(3°)* = (3°)? 

33% = 32x-4 
Equate the exponents. 
3x = 2x —4 

x=—-4 


oe: 125225" 
(Sy = Gr 
Cee = ae 


Equate the exponents. 
6y—3=2y+8 
4y=11 
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Check: 
Left Side Right Side 
35°" Gg 
wf y 
_ sear _ hal 
a4 75 
= 364 =6" 
17 17 
=364 =6? 


= 4114 202.164... = 4114 202.164... 
Left Side = Right Side 


The solution is m = ; : 


Check: Graph y = 4°* and y = 8*° and find 
the point of intersection. 


Intersection 
n= 7S Y=3.B147E “6 


The solution is x =—3. 


Check: Graph y = 27* and y = 9" and find 


the point of intersection. 


Intersection 
Hey 


Y=1.BH17E -6 
The solution is x =—-4. 


Check: Graph y = 1257"! and y = 25*** 
and find the point of intersection. 
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— 
— 


ar 
Intersection 
nacre Y=c.7c95HE9 
The solution is y = ~. 
a)? 16" "30? Check: Graph y = 16°"? and y = 32°"? and 


(243 = 25) find the point of intersection. 


8k-12 _ y5k+15 
2 a2" 


Equate the exponents. 


8k—12=5k+15 
3k=27 
k=9 


Intersection 
n=9 


Y=1L..1°29E18 
The solution is k = 9. 


Section 7.3 Page 364 Question 6 


a) Use systematic trial to solve 2 = 1.07". 


x 1.07° Mathematical Reasoning 
12 222383 Try x = 12. This gives a value greater than 2. Try a lesser value. 
10 1.967... Too low. The correct value is between 10 and 12, but much 
closer to 10. Try 10.3. 
10.3 2007s 95 Close, but too high. 
10.2 1993 is This is very close and a reasonable approximation. 


The solution is x ~ 10.2. 


Check: Graph y = 2 and y = 1.07* and find the point of intersection. 


Intersection 
H=L0.c44°6H =< 


The solution is x ~ 10.2. 
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b) Use systematic trial to solve 3 = 1.1". 


Xx 1.1* Mathematical Reasoning 
12 3.138... Try x = 12. This gives a value greater than 3. Try a lesser value. 
11 DOOoLd Too low. The correct value is between 11 and 12. Try 11.6. 
11.6 3.021... Close, but too high. 
11.5 2992. 5 This is very close and a reasonable approximation. 


The solution is x ~ 11.5. 


Check: Graph y = 3 and y = 1.1” and find the point of intersection. 


Intersection 
H=LLSceror t= 


The solution is x ~ 11.5. 


c) Use systematic trial to solve 0.5 = 1.2"! 


Xx Pe Mathematical Reasoning 
—4 0.4018... | Try x =—-4. This gives a value lesser than 0.5. Try a greater 
value. 
—2 0.5787... _| Too high. The correct value is between 4 and —2. Try —3. 
—3 0.4822... | Too low. 
2.9 0.4911... | Close, but too low. 
—2.8 0.5001... _| This is very close and a reasonable approximation. 


The solution is x ~ —2.8. 


Check: Graph y = 0.5 and y = 1.2*~' and find the point of intersection. 


Intersection 
H= "2.801704 V=.5 


The solution is x ~ —2.8. 


d) Use systematic trial to solve 5 = 1.08%". 


x 1.08**? Mathematical Reasoning 
20 5.436... Try x = 20. This gives a value greater than 5. Try a lesser value. 
18 4.660... Too low. The correct value is between 18 and 20. Try 19. 
19 5.033... Close, but too high. 
18.9 A995 on: This is very close and a reasonable approximation. 


The solution is x ~ 18.9. 
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Check: Graph y = 5 and y = 1.08**? and find the point of intersection. 


Intersection 
H=LB.9Lzsr2 THF 


The solution is x ~ 18.9. 


Section 7.3 Page 364 Question 7 


a) Graph y = 10(1.04)'— 100 and find the 
t-intercept. 


Zero" 
MGB Oes94y Yon 
The solution is t ~ 58.71. 


t 


c) Graph y = (=) —12 and find the 


t-intercept. 


2eFn 
ne ere YY Yao 
The solution is t ~—5.38. 
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2t 
b) Graph y = G —10 and find the 


t-intercept. 


The solution is t ~ —1.66. 


t 


d) Graph y = 25 Gi 100 and find the 


t-intercept. 


The solution is t = —8. 
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e) Graph y = 3‘ '—2' and find the f) Graph y = 5‘ *— 4' and find the 
t-intercept. t-intercept. 


Zero Zero 

n=c.rO9G1is [=o M=L4.4e5255 Y=0 

The solution is t ~ 2.71. The solution is t ~ 14.43. 

g) Graph y = 8'*'— 3‘! and find the h) Graph y=77*!—4'~? and find the 


t-intercept. t-intercept. 


ions 


Zen Zero 
eC eae LI aL n= "LBbSesr Yao 
The solution is t ~ —3.24. The solution is t ~ —1.88. 


Section 7.3 Page 364 Question 8 


T 


b) Graph R= 100(2.7)® and R = 200 and find the 
point of intersection. 


i=) 
—_ 


Relative Spoilage Rate 


Intersection 
H=E.ERCBELB Y=ec00 


Temperature (°C) 


The temperature at which the relative spoilage rate 
doubles to 200 is approximately 5.6 °C. 


c) Substitute T= 15. 


T 
R=100(2.7)8 
15 


= 100(2.7)* 


= 643.883... 
The relative spoilage rate at 15 °C is approximately 643. 
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T 
d) Graph R = 100(2.7)® and R = 500 and find the point 
of intersection. 


The maximum storage temperature is approximately 
13.0 °C. 


Intersection 
H=12.96298  Y=f00 


Section 7.3 Page 364 Question 9 


Let N represent the number of bacteria. Let t represent time, in hours. 
The initial bacteria count is 2000, so a = 2000. The bacteria double every 0.75 h, 


so b = ; and c = 2. Then, N = 2000(2)" 
Substitute N = 32 000, 
N= 2000(2)* 
32 000 = 2000(2) 
16= (2 


ej 
2* =(2)3 
Equate the exponents. 


a ied 
3 
t=3 
After 3 h the bacteria will be 32 000. 


Section 7.3. Page 364 Question 10 


Use the formula A = P(1 + i)", where A = 7000, P = 6000, and i = 0.0393. 


A=P(1+i)" 

7000 = 6000(1 + 0.0393)" 
7 = 1.9393" 
6 


Graph y = 1.0393* — Z and find the x-intercept. 


Simionie would have to invest his money in a GIC 
for 4 years. 


fero 
n=2.99R989> Y=0 
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Section 7.3. Page 365 Question 11 
a) Use the formula A = P(1 + i)", where P = 1000 and i = 0.02: A = 1000(1.02)". 


b) Substitute n = 16, the number of compounding periods in 4 years. 
A= 1000(1.02)" 

= 1000(1.02)'° 

= (372.165 <x: 
The value of the investment after 4 years is $1372.79. 


c) Substitute A = 2000. 
A= 1000(1.02)" 
2000 = 1000(1.02)" 
2 = 1.02" 
Graph y = 1.02" — 2 and find the x-intercept. 


From the graph, it appears that it will take 

35 compounding periods, or 8.75 years, for the 
investment to double in value. However, substituting 
n= 35 into the original function A = 1000(1.02)" results 
in a value of $1999.89. So, it will take 36 compounding 
periods, or 9 years, for the investment to actually double 
in value. 


fero 
n=oe.er es Y=0 


Section 7.3. Page 365 Question 12 


a) Let the initial sample of Co-60 be 1, so a = 1. For half-life, c = : . Since the half-life 


1 ; 
of Co-60 is about 5.3 years, b = aa Then, the exponential function that represents this 


acttnes 1 )53 : boa 
situation is m= G , where m is the amount of Co-60 remaining after t years. 


b) Substitute t = 26.5. 


1\3 
m=)|— 
2 


26.5 


3 
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The fraction of a sample of Co-60 that will remain after 26.5 years is > 


c) Substitute m= ——. 
512 


lg 


3 
II 
——~ 
NlR 
an 
ies) 


als 


2 | 
—e 
N 
ll 
a 
N | 
Nn 
Ww 


as 


a 
Nl 
Na, 
\o 
ll 
———- 
Nile 
an 
Ww 


Equate the exponents. 
t 
—=9 
52 
t= 47.7 


It will take a sample of Co-60 47.7 years to decay to = of its original mass. 


Section 7.3. Page 365 Question 13 
a) Use the formula A = P(1 + i)", where P = 500 and i = 0.033: A = 500(1.033)". 


b) Substitute n= 10, the number of compounding periods in 5 years. 
A= 500(1.033)" 

= 500(1.033)'° 

= 691.788... 
The value of the investment after 5 years is $691.79. 


c) Substitute A = 1500. 
A= 500(1.033)" 
1500 = 500(1.033)" 
3 = 1.033" 


Graph y = 1.033" — 3 and find the x-intercept. 


It will take 34 compounding periods, or 17 years, for 
the investment to triple in value. 


fero 
n=oe.Bsrele =o 
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Section 7.3. Page 365 Question 14 


Use the formula A = P(1 + i)", where A = 20 000, i = 0.035, and n= 36. 
A=P(1+i)" 

20 000 = P(1 + 0.035)*° 
p— 20.000 


1.035*° 
P =5796.654... 


Glenn and Arlene will need to invest $5796.65 today. 
Section 7.3. Page 365 Question 15 


a) i) 2” sa” i) 81° <27"" 
23x > (a ag (3*)* < (3° al 
23x > Dexte are < 36x43 
Equate the exponents. Equate the exponents. 
3x > 2x +2 4x <6x +3 
x>2 3 
x>-t 
Z 


b) i) Since the graph of y = 2™ is greater ii) Since the graph of y = 81” is less than 
than (above) the graph of y = 4**' when (below) the graph of y = 27 *' when 


x > 2, the solution is x > 2. 3 ae 3 
x> “a the solution is x > = 


Tnker ss chion 
n=c__oit v= 


ton 
JB W=,00127174 


F 


x43 
c) Example: Solve the inequality G a a 


X43 
Since the graph of y = G is greater 


than (above) the graph of y = 2*"' when 
x <—l, the solution is x <—1. 


Intersection 
n="1 
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Section 7.3. Page 365 Question 16 


4* + 2(4*) -3 =0 

(4°) + 2(4°) -3 =0 

(4° + 3)(4*-1)=0 
4°+3=0 or 4*-1=0 
4* = 3 4° =] 
x=0 


Since the value 4" is always greater than zero, there is no real value of x for which 


4* = —3. The real solution is x = 0. 


Section 7.3. Page 365 Question 17 


gee le 
M44)" = 24 
4X1 —4"')=24 
4*(0.75) = 24 
4X = 32 
92x = 9° 
Equate the exponents. 
2x =5 
5 
XxX — i 
3 


Substitute x = i" into (2°). 


(2) = G J 


25 
—24 
= 76.109... 
The value of (2*)* is approximately 76.1. 


Section 7.3. Page 365 Question 18 


i 


Use the formula PMT = PV| —————— 
1-(1+i)" 


i= 0.0025. 
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with PMT = 831.90, PV= 150 000, and 
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PMr=py|—"—__—. 
i 


831.90 = 150 000 _ - 
1-(1+0.0025)" 
1—(1.0025)" 
1—(1.0025)" = _ 0.0025 _ 
0.005 546 
(1.0025) " _ 1 _9:0025__ 
0.005 546 
sy 0.0025 : 
Graph y = 1.0025" and y= 1 and find the point of intersection. 
0.005 546 


——— 


Intersection 
H=e2S9.9985H Y=.b49e24ar 


It will take Tyseer 240 payment periods, or 20 years, to pay off the mortgage. 


Section 7.3. Page 365 Question C1 
a) You can express 16° with a base of 4 by writing 16 as 4° and simplifying. 
16° = (4) 
= 44 
b) Example: You can express 16° with a base of 2 by writing 16 as 2* and simplifying. 
lo =Cy 
= 728 


4 
You can express 16° with a base of : by writing 16 as G and simplifying. 
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Section 7.3. Page 365 Question C2 


a) 16% =8*> b) Given equation. 
(2) 2275 Express 16 and 8 as powers of 2. 
ae ae Apply the power of a power law. 
8x =3x-9 Equate the exponents. 
5x--9 Isolate the x-term. 
<= -2 Solve of x. 


Chapter 7 Review 
Chapter 7 Review Page 366 Question 1 


a) For the population of a country, in millions, that grows at a rate of 1.5% per year, the 
graph would show the function y = 1.015x: graph B. 


b) The graph of y = 10" contains the point (1, 10): graph D. 
c) For Tungsten-187, a radioactive isotope that has a half-life of 1 day, the graph would 


show the function y = G : graph A. 


d) The graph of y = 0.2" contains the point (—1, 5): graph C. 


Chapter 7 Review Page 366 Question 2 


a) 
er 
—2 11.1 
-1 33 
) 1 
1 03 
2 0.09 


b) The domain is {x| x € R}, and the range is {y| y>0,y € R}. 
There is no x-intercept. The y-intercept is 1. 

The function is decreasing for all values of x. 

The equation of the horizontal asymptote is y = 0. 
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Chapter 7 Review Page 366 Question 3 


There is a pattern in the ordered pairs. 


x y 
0 1 
=] 4 
=) 16 


: , 1 
As the value of x increases by | unit, the value of y decreases by a factor of ie 


Ale 


Therefore, for this function, c = 


Use the point (—1, 4) to check the function y = (5 : 


Left Side Right Side 
(i) 
4 4 


=4 


The function equation for the graph is y = (+ : 


Chapter 7 Review Page 366 Question 4 


a) Since the interest rate is 3.25% per year, each year the investment grows by a factor of 
103.25%, or 1.0325, as a decimal. 


b) Substitute t= 10. 
v= 1.0325' 
= 1.0325"° 
= 1,376... 
The value of $1 if it is invested for 10 years will be $1.38. 


c) Graph v = 1.0325‘ and v = 2 and find the point of 
intersection. 


It will take approximately 21.7 years for the value of the 
dollar invested to reach $2. 


Intersection 
H=el.eresse T= 
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Chapter 7 Review Page 366 Question 5 


a) For y =-2(4)°*" +2, 
a = -2, vertical stretch by a factor of 2 and reflected in the x-axis 


b = 3, horizontal stretch by a factor of ; 


h= 1, horizontal translation of 1 unit to the right 
k = 2, vertical translation of 2 units up 


b) 

Transformation | Parameter Value | Function Equation 
horizontal stretch b=3 y= o 
vertical stretch a=-2 y=-—2(4¢ 
translation left/right h=1 y=(4""' 
translation up/down k=2 y=¥+2 


d) The domain is {x |x € R}, and the range is {y| y<2,y € R}. 
The equation of the horizontal asymptote is y = 2. 


The x-intercept is 1. The y-intercept is > 


Chapter 7 Review Page 367 Question 6 


a) Look for a pattern in the points. 


y=3" Transformed Function 


Cm) 


(0, 1) (3, 1) 


(, 3) (4, 3) 


The transformation can be described by the mapping (x, y) — (x + 3, y). 
This represents a horizontal translation of 3 units to the right. 
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b) Look for a pattern in the points. 


y=3" Transformed Function 
Sime 
3 3 
(0, 1) (0, -3) 
(1, 3) d,-)) 


The transformation can be described by the mapping (x, y) — (x, y— 4). 
This represents a vertical translation of 4 units down. 


c) Look for a pattern in the points. 


y=3" Transformed Function 
Hy] Ge 
| 3 
(0, 1) (ED) 
(1, 3) (0, -1) 


The transformation can be described by the mapping (x, y) > (x — 1, -y + 2). 
This represents a reflection in the x-axis and a translation of | unit to the right and 2 units 


up. 
Chapter 7 Review Page 367 Question 7 


a) For f(x) =5", 
* stretched vertically by a factor of 4, a =4 


* stretched horizontally by a factor of ; and reflected in the 


y-axis, b = —2 
* translated 1 unit up and 4 units to the left, k= 1 and h=—4 
The equation of the transformed function is y = Apa) D4], 


b) For g(x) = (Z). 


* stretched horizontally by a factor of ~ »b=4 


* stretched vertically by a factor of 3 and reflected in the 
x-axis, d=—3 


* translated 2 units to the right and 1 unit down, h = 2 and 
k=-l 
The equation of the transformed function is 


1 A(x-2) 
pie 
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Chapter 7 Review Page 367 Question 8 
1 
1 \io" 
a) For T= 190{ 5 : 
a = 190, vertical stretch by a factor of 190 
b= = , horizontal stretch by a factor of 10 


h= 0, no horizontal translation 
k= 0, no vertical translation 


c) For this situation, the domain is {t | t>0, t € R} and the range is 
{T|0<T<190, Te R}. 


d) Substitute T= 22. 


1 

T= 190( 3) 
2 

1 


1 
Graph T= 190 Gi and T= 22 and 
find the point of intersection. 


The milk will keep fresh at 22 °C for 


approximately 31.1 h. ree eo te 


Chapter 7 Review Page 367 Question 9 


5 
a) 36=6 b) a c) (3/216) =6' 


Chapter 7 Review Page 367 Question 10 


a) a =oT* 1"! 
35" = (33)! b) ) = 32*-3 
35% = 33x-3 8 
—3\2x+1 _ 5\x -—3 
Equate the exponents. (2 ia — (2) e 
5x = 3x-3 22 
Ix =-3 Equate the exponents. 
a 6x =3:=$x=13 
a —l1x=-12 
; _12 
11 
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Chapter 7 Review Page 367 Question 11 


a) Graph y= 3* * and y=5* and find the —_b) Graph y = 2*-* and y= 3%"! and find 
point of intersection. the point of intersection. 


Intersection Intersection 
H= "40152  Y=O.BELGE-4 H="B.LEBES4 P=.00Sb 7528 


The solution is x ~ —4.30. The solution is xX ~ —6.13. 


Chapter 7 Review Page 367 Question 12 
a) Let the initial sample of Ni-65 be 1, so a = 1. For half-life, c = : . Since the half-life 
of Ni-65 is 2.5 h, b= x Then, the exponential function that represents this situation is 


1 \25 . os 
m= G , where m is the amount of Ni-65 remaining after t hours. 


b titute t= 10. : 
pugus ha 7 : c) Substitute m= —s 


(18 1024 
nr 1 \35 
10 ie 2 

7 1 \25 

5 1 (125 
[2 : 1024 \2 

2 ae 135 
oe 2) \2 


Equate the exponents. 
t 
will remain after 10 h is s, 25 ss 
° t=25 
It will take a sample of Ni-65 25 h to 


The fraction of a sample of Ni-65 that 


decay to : of its original mass. 
1024 
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Chapter 7 Practice Test 


Chapter 7 Practice Test Page 368 Question 1 


The functions y = 2”, y= (=| , and y = 7* will all have the same y-value of 1 when x = 0: 


Choice B. 


Chapter 7 Practice Test Page 368 Question 2 


1 
To obtain the graph of y = 3° me 2, transform the graph of y = 3” by a horizontal stretch 
by a factor of 4 and a translation of 5 units to the right and 2 units down: Choice C. 


Chapter 7 Practice Test Page 368 Question 3 


Let V represent the value of the car. Let t represent time, in years. 
The current value is 100 000, so a = 100 000. The value doubles every 10 years, so 


b= = and c = 2. Then, V= 100 000(2)". 
Substitute t =—20, 


V = 100 000(2)"° 
=20 


= 100 000(2) ° 
= 25 000 
The value of the car 20 years ago was $25 000: Choice B. 


Chapter 7 Practice Test Page 368 Question 4 


phe 7 
ay (yy 
ok 
“28 
=2° 
Choice A. 
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Chapter 7 Practice Test Page 368 Question 5 


Solve 0.75 = 0.8" by graphing. 


Intersection 
H=Lecb9ec4e T=.7F 


The glass should be approximately 1.3 mm thick: Choice D. 


Chapter 7 Practice Test Page 368 Question 6 


a) Look for a pattern in the points. 


y=5" | Transformed Function 
(0, 1) (353) 
(13) (2, 7) 
(2, 25) (—1, 27) 


The transformation can be described by the mapping (x, y) — (x — 3, y+ 2). 
This represents a horizontal translation of 3 units to the left and 2 units up: h = —3 and 
k = 2. So, the equation of the transformed function is y = 5*** + 2. 


b) Look for a pattern in the points. 


Transformed Function 


(1, 2) 


(2, 4) 


The transformation can be described by the mapping (x, y) — (x + 1, —-0.5y — 4). 
This represents a vertical stretch by a factor of 0.5, a reflection in the x-axis, and a 
translation of | unit to the left and 4 units down: a =—0.5, h=1, and k =—4. 

So, the equation of the transformed function is y = —0.5(2)*~' — 4. 


Chapter 7 Practice Test Page 369 


Question 7 
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Chapter 7 Practice Test Page 369 Question 8 


a) The base function for g(x) = 2(3)*** — 4 is f(x) = 3”. 
For g(x) = 2(3)*** — 4, 

a = 2, vertical stretch by a factor of 2 

b= 1, no horizontal stretch 

h=-3, horizontal translation of 3 units to the left 

k = —-4, vertical translation of 4 units down 


c) The domain is {x |x € R}, the range is {y| y>—4, y € R}, and the equation of the 
horizontal asymptote is y = -4. 


Chapter 7 Practice Test Page 369 Question 9 


a) 3° = gi b) 27**=9°8 c) 10247*! =16*4 
: ; (3°)** = 3°y" ay = oy 
oa (32)? 3x2 _ 32x46 20x10 _ 7 4xti6 
3% = 34 Equate the exponents. Equate the exponents. 

Equate the exponents. 3x-—12=2x+6 20x—- 10=4x+ 16 
2x=x-4 x=18 16x = 26 
x=—-4 x= 13 
8 
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Chapter 7 Practice Test Page 369 Question 10 


a) Graph y= 3 and y= 1.12" and find the —_b) Graph y =2.7 and y=0.3”* ' and find 
point of intersection. the point of intersection. 


Intersection Intersection 
H=S.BS40S54 =F H=.0BPSL0rL Y=<.7 


The solution is x ~ 9.7. The solution is x ~ 0.1. 


Chapter 7 Practice Test Page 369 Question 11 


a) If the growth rate remains constant at 2.77%, then the population would have been 
multiplied by a factor of 1.0277 after 1 year. 


b) Let the initial percent of the population for Saskatoon in 2010 be 100, so a = 100. For 
the growth rate from part a), c= 1.0277. Then, the exponential function that represents 
this situation is P = 100(1.0277)', where P is percent of the population t years after 2010. 


c) For this situation, the domain is {t | t>0,t € R} and the range is 
{P|P>100,P € R}. 


d) For Saskatoon’s population to grow by 25%, substitute P = 125. 
P= 100(1.0277)' 

125 = 100(1.0277)' 

1.25 = 1.0277 

Graph y = 1.25 and y = 1.0277" and find the point of 
intersection. 

It will take approximately 8.2 years for Saskatoon’s 
population to grow by 25%. 


nkersection 
=B.igerbre Y=1.cF 


I 
" 


Chapter 7 Practice Test Page 369 Question 12 


o 


Hydrogen lon | — 
Concentration 
(mol/L) 
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b) Substitute P = 7. 


nn(3 


worl 


H(7) =1x107 
The hydrogen ion concentration for a pH of 7.0 is 1.0 x 10 [H+]. 


c) Determine the hydrogen ion concentration for a pH of 7.6. Substitute P = 7.6. 


wn-( 


nsye(4) 


H(7.6) ¥ 2.5x10° 
The equivalent range of hydrogen ion concentration for a pH between 7.0 and 7.6 is from 
1.0 x 10°’ [H+] to 2.5 x 10 * [H+]. 


Chapter 7 Practice Test Page 369 Question 13 
Use the formula A = P(1 + i)", where A = 5000, P = 3500 and i= 0.021. 


Solve 5000 = 3500(1.021)". 
5000 = 3500(1.021)" 


oO 1.021" 
3500 
ae 1,021” 
7 


Graph y = 1.021*— = and find the x-intercept. 


It will take approximately 18 compounding periods, or 
4.5 years, before Lucas has enough money to take the 
vacation he wants. 


fero 
n=Lr.deecdl Y=0 
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Chapter 7 Practice Test Page 369 Question 14 
Determine when a computer purchased for $3000 is worth 10% of its values, or $300. 


Substitute V = 300. 


1 \3 
V(t) = s000( +) 

a 

1 \3 
300 = 3000] — 
2 


0.1= Gi 
2 
Graph y = 0.1 and y = (=) and find the point of 
intersection. 


It will take about 9.97 years, for the computer to be 
worth 10% of its purchase price. 


Intersection 
H=S.9BS7B4s =.1 
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Chapter 8 Logarithmic Functions 
Section 8.1 Understanding Logarithms 
Section 8.1 Page 380 Question 1 


a) i) ii) y = log. x 


iii) For y = log, x, 

* domain: {x |x >0,x € R} and range: {y| y € R} 
* x-intercept: 1 

* no y-intercept 

* equation of the asymptote: x = 0 


b) i) ii) y=log, x 
3 


iii) For y=log, x, 
3 
* domain: {x |x >0,x € R} and range: {y| y € R} 
* x-intercept: 1 
* no y-intercept 
* equation of the asymptote: x =0 


Section 8.1 Page 380 Question 2 
a) In logarithmic form, 127 = 144 is logi2 144 = 2. 


1 
b) In logarithmic form, 8° = 2 is logs 2 = : : 


c) In logarithmic form, 10° = 0.000 01 is logio 0.000 01 =—5. 
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d) In logarithmic form, 7 = y + 3 is log; (y + 3) = 2x. 
Section 8.1 Page 380 Question 3 


a) In exponential form, logs 25 = 2 is 5* = 25. 


2 
b) In exponential form, logs 4 = - is 8? =4, 


c) In exponential form, log 1 000 000 = 6 is 10° = 1 000 000. 
d) In exponential form, logi (x + 3)=yis 11l”=x+3. 


Section 8.1 Page 380 Question 4 


a) Since 5° = 125, the value of the logarithm is 3. Therefore, logs 125 = 3. 


b) Since 10° = 1, the value of the logarithm is 0. Therefore, log 1 = 0. 


c) Let logs 14 =x Express in exponential form. 
4X = e4 


1 


4° = 45 
1 
X= 
3 
Therefore, logs V4 = 7 


d) Let log, 27 =x. Express in exponential form. 
3 


y-» 


x=-3 
Therefore, log, 27 =-3. 
3 


Section 8.1 Page 380 Question 5 


Write a < log, 28 < b in exponential form: 2° < 28 < 2’. 
Since 2* = 16 and 2° = 32, then a=4 and b=5S. 
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Section 8.1 Page 380 Question 6 
a) For log; x to be a positive number, x > 1. 


b) For log; x to be a negative number, 0 <x< 1. 

c) For log; x to be zero, x = 1. 

d) Example: For log; x to be a rational number, x = V3. 
Section 8.1 Page 380 Question 7 

a) The base of a logarithm cannot be 0 because 0” = 0, y 0. 
b) The base of a logarithm cannot be 1 because 1” = 1. 


c) The base of a logarithm cannot be negative because exponential functions are only 
defined for c > 0. 


Section 8.1 Page 380 Question 8 


a) If f(x) =5*, then f '(x) = logs x. 


For y = logs x, 

* domain: {x |x > 0, x € R} and range: {y| y € R} 
* x-intercept: | 

* no y-intercept 

* equation of the asymptote: x = 0 


Section 8.1 Page 380 Question 9 


a) Ifg(x) = log, x, then g (x)= (+ : 
2 


1 x 
For y=|—]|, 
. a 


* domain: {x |x € R} and range: {y| y>0,y € R} 
* no x-intercept 

* y-intercept: | 

* equation of the asymptote: y = 0 
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Section 8.1 Page 381 


Question 10 


The relationship between the characteristics of the functions y = 7* and y = log; x is that 
the graphs are reflections of each other in the line y = x. This means that the domain, 
range, y-intercept, and horizontal asymptote of the exponential function become the 
range, domain, x-intercept, and vertical asymptote of the logarithmic function. 


Section 8.1 Page 381 Question 11 


a) The graphs have the same domain, range, 


x-intercept, and vertical asymptote. 


b) The graphs differ in that one is increasing and the 


other is decreasing. 


Section 8.1 Page 381 Question 12 
a) log,x=3 
6° =x 
x=216 
c) log, x=-3 
a 
l 3 
== =x 
G) 
x=4 
x= 64 
Section 8.1 Page 381 Question 13 
a) Use the inverse property c'°’.* 
5m = sles. 7 
=) 
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1 

b) log 9=— 

) log, 5 
i 

x? =9 

x=9° 

x=81 


d) log, 16 -> 


x3 =16 

3 

=164 
x=8 


= x. For m = logs 7, 
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b) Use the inverse property c'°®,* = x. For n = logs 6, 
Qn = 8 8. 


=6 
Section 8.1 Page 381 Question 14 


a) logs (log; (logs 64)) = logs (log; 3) 
= log» | 
=0 


b) logs (logs (log 10'°)) = logs (log> 16) 
= log, 4 
= 7 


Section 8.1 Page 381 Question 15 


Substitute y = 0. 
y = logy (x + 2) 
0 = log (x + 2) 
x+2=7° 
x=-l 
The x-intercept of y = log; (x + 2) is -1. 


Section 8.1 Page 381 Question 16 


Use the given point (z-3) on the graph of f(x) = log, x to determine the value of c. 


f(x) = loge x 
1 
=3 = 10g, = 
=| 
c= Z 
8 
c=2 


So, the inverse of f(x) = logs x is f (x) = 2”. 

For the point (4, k) on the graph of the inverse, substitute x = 4. 
f(x) = 2° 

f(4)=2° 

f'(4) = 16 

Therefore, the value of k is 16. 
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Section 8.1 Page 381 Question 17 
a) Given the exponential function N(t) = 1.1‘, the equation of the inverse is t = log, N. 


b) Substitute N = 1 000 000. 
N(t) = 1.1 
1 000 000 = 1.1' 
Use graphing technology to graph each side of the 
equation and determine the point of intersection. 


It will take approximately 145 days for the number of i 
users to exceed 1 000 000. . YELog00og 


Section 8.1 Page 381 Question 18 


Determine the relative risk for each asteroid from the Palermo scale. 


Substitute P = —1.66. Substitute P =—4.83. 
P=logR P=logR 
—1.66=logR 4.83 =logR 
R=10 1 R=104% 
Compare the relative risks. 
10°! 
= 10°” 
1078 
= 1479.108... 


The larger asteroid had a relative risk that is about 1479 times as dangerous as the smaller 
asteroid. 


Section 8.1 Page 381 Question 19 


Determine the amplitude of each earthquake. 


Nahanni earthquake: Saskatchewan earthquake: 
M= ice M= ie 
A, A, 
soto ie i6e 
A, A, 
10° _ Ww = A 
A 
A=10°A, A=10°°A, 


Compare the amplitudes. 
10°? 
1 0°? 
The seismic shaking of the Nahanni earthquake was 1000 times that of the Saskatchewan 
earthquake. 


=10° 
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Section 8.1 Page 381 Question 20 


If logs x = 2, then x = 5’, or 25. 
logs 125x = logs 125(25) 

= logs 5°(5”) 

= logs 5° 

=5 


Section 8.1 Page 381 Question 21 


logs; (m—n)=0 log; (m+ n)=3 
3°=m—n 3°=m+n 
l=m-n © 27=mt+n © 

Solve the system of equations. 

1=m-n 

27=m+n 

28 =2m O+® 

m= 14 

Substitute m = 14 into ©. 

l=m-n 

1=14-n 

n=13 


Section 8.1 Page 381 Question 22 


If log; m=n, then 3" = m. 
log; m* = log; (3")* 

= log; 3“" 

=4n 


Section 8.1 Page 381 Question 23 


If y = log» (log; x), then the inverse is 
X = log (logs y) 
2* = logs y 


y=3" 
Section 8.1 Page 381 Question 24 


If m = log) n, then 2” = n. 
2m+ 1 = logs 16n 

2m + 1 = logs 16(2”) 
2m + 1 = logs 2°(2”) 


2m + 1 = log, 2**" 
2m+1=4+m 
m=3 
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Substitute m = 3 into 2” =n. 
e=y 
=n 

8=n 


Section 8.1 Page 381 Question C1 


YE jlog. x 


The graph of y = |log» x| is the same as the graph of y = log x for x => 1. The graph of 
y = |log> x| is the reflection in the x-axis of the graph of y = logs x for0 <x <1. 


Section 8.1 Page 381 Question C2 

Answers may vary. Mind maps should include a graph showing how exponential 
functions and logarithmic functions are related, domain, range, intercept, and equation of 
the asymptote. 


Section 8.1 Page 382 Question C3 


Step 1 
a) e = 2.718 281 828 


b) The minimum value of x needed to approximate e correctly to nine decimal places is 


10”, 
+2) 
Xx 


x 
10! 2.593 742 460 


10° 2.704 813 829 


10° 2.716 923 932 


10° 2.718 145 927 


10° 2.718 268 237 


10° 2.718 280 469 


10’ 2.718 281 693 


10° 2.718 281 815 


10° 2.718 281 827 


10" D718 281 898 


Step 2 
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~ For y = loge x, 

* domain: {x |x>0,x € R} and range: {y| y € R} 
* x-intercept: 1 

* no y-intercept 

* equation of the asymptote: x = 0 


b) The inverse of y = e” is y= Inx. 


Step 3 

a) Substitute 6 = 27. 
— 0.148 

r=e 
= e0-!42n) 


= 2.410... 
The distance, r, from point P to the origin after the point has rotated 2z is approximately 
2.41. 


b) i)r=e?'” 
0.146 =Inr 


Inr 


The logarithmic form of r =e"! is @ = Th 


ii) Substitute r= 12. 


ST aon 
The angle, 8, of rotation that corresponds to a value for r of 12 is approximately 17.75. 
Section 8.2 Transformations of Logarithmic Functions 
Section 8.2. Page 389 Question 1 
Compare each function to the form y = a logs (b(x — h)) + k. 


a) For y= logs (x— 1) + 6,h =1 and k = 6. This is a translation of | unit to the right and 
6 units up of the graph of y = logs x. 
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b) For y =—4 logs 3x, a=—4 and b = 3. This is a vertical stretch about the x-axis by a 
: : 1 

factor of 4, a reflection in the x-axis, and a horizontal stretch by a factor of 3 of the 

graph of y = logs x. 


1 


c) For y= ; logs (-x) + 7,a= b=-1, and k=7. This is a vertical stretch about the 


x-axis by a factor of ; , areflection in the y-axis, and a translation of 7 units up of the 
graph of y = logs x. 

Section 8.2. Page 389 Question 2 

a) Given: y = log; x 


¢ Stretch vertically about the x-axis by a factor of 2: a = 2, y= 2 log; x 
- Translate 3 units to the left: h = —3, y = 2 logs (x + 3) 


VE @iog, (K +3 


b) y =2 log; (x + 3) 
Section 8.2. Page 390 Question 3 
a) Given: y = log x 


* Reflect in the y-axis: b =—1, y = log» (-x) 
¢ Translate vertically 5 units up: k = 5, y = logs (-x) + 5 
y 


y= log, (—¥) 45 


v= log, {—*) 


b) y= log, (-x) +5 
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Section 8.2. Page 390 Question 4 
a) For y = logs (x + 4) —3, h=—4 and k=-3. 


Section 8.2. Page 390 Question 5 


a) y=—5 log; (x + 3) 


i) The equation of the vertical asymptote occurs when x + 3 = 0. Therefore, the 


equation of the vertical asymptote is x = —3. 


ii) The domain is {x | x >—3, x € R} and the range is {y| y € R}. 


iii) Substitute x = 0. Then, solve for y. 
y=—5 log; (x + 3) 

=—5 log; (0 + 3) 

=-—5 log; 3 

=-5 
The y-intercept is —S. 


iv) Substitute y = 0. Then, solve for x. 
y =—5 log; (x + 3) 

=—5 log; (x + 3) 
0 = log; (x + 3) 
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3° =x+3 
1=x+3 
x=—2 
The x-intercept is —2. 


b) y= loge (4(x + 9)) 
i) The equation of the vertical asymptote occurs when 4(x + 9) = 0. Therefore, the 
equation of the vertical asymptote is x = —9. 


ii) The domain is {x | x >—9, x € R} and the range is {y| y € R}. 


iii) Substitute x = 0. Then, solve for y. 
y = logs (4(x + 9)) 

= logs (4(0 + 9)) 

= loge 36 

=2 
The y-intercept is 2. 


iv) Substitute y = 0. Then, solve for x. 
y = loge (4(x + 9)) 

0 = logs (4(x + 9)) 

6° = 4(x +9) 

1=4x + 36 

4x =—35 


The x-intercept is = , or —8.75. 


c) y= logs (x +3) —2 
i) The equation of the vertical asymptote occurs when x + 3 = 0. Therefore, the 
equation of the vertical asymptote is x = —3. 


ii) The domain is {x | x >—3, x € R} and the range is {y| y € R}. 


iii) Substitute x = 0. Then, solve for y. 
y = logs (x+3)-2 
= logs (0+ 3)-2 
= logs 3-2 
To obtain an approximate value for logs 3, graph y = 5” 
and y = 3 and find the point of intersection. 


logs 3 ~ 0.68 
y = 0.68 —2 
=—1.3 


The y-intercept is about —1.3. 
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A possible alternative is to use a calculator that can 
evaluate a logarithm of any base. 
y=logs3-2 
=—1.3 
The y-intercept is about —1.3. 


iv) Substitute y = 0. Then, solve for x. 
y= logs (x+ 3)-2 
0 = logs (x + 3)—2 
2 = logs (x + 3) 
5° =x+3 
25=x+3 
x=22 
The x-intercept is 22. 


d) y=-3 log (x+ 1)-6 


*Unsaved w FH] x! 


- 
al ye) 


i) The equation of the vertical asymptote occurs when x + 1 = 0. Therefore, the 


equation of the vertical asymptote is x = —1. 
ii) The domain is {x | x >—1, x € R} and the range is 
iii) Substitute x = 0. Then, solve for y. 


y=-3 logs (x+ 1)-6 
=-3 log, (0+ 1)-6 


=-3 log, 1-6 
= —3(0) —6 
=-6 


The y-intercept is —6. 


iv) Substitute y = 0. Then, solve for x. 
y =-3 logs (x + 1)-6 

0 =-3 log, (x+ 1)-—6 

6 =-3 logs (x+ 1) 

—2 = logo (x + 1) 


27 =xt+1 
l 

—=x+]1 
A 

3 

x= —_—— 

A 


The x-intercept is - , or —0.75. 
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Section 8.2. Page 390 Question 6 


a) The key point (10, 1) on the graph of y = log x 
has become the image point (10, 5) on the red graph. 
Thus, the red graph can be generated by vertically 
stretching the graph of y = log x about the x-axis by a 
factor of 5. The red graph can be described by the 
equation y = 5 log x. 


b) The key point (8, 1) on the graph of y = logs x 
has become the image point (4, 1) on the red graph. 
Thus, the red graph can be generated by 
horizontally stretching the graph of y = logs x about 


1 
the y-axis by a factor of 5 The red graph can be 
described by the equation y = logg 2x. 
c) The key point (8, 3) on the graph of y = log» x 
has become the image point (8, 1) on the red graph. 


Thus, the red graph can be generated by vertically 
stretching the graph of y = log x about the x-axis by 


a factor of ; . The red graph can be described by 


1 
the equation y = ri logo x. 


d) The key point (4, 1) on the graph of y = log, x 
has become the image point (8, 1) on the red graph. 
Thus, the red graph can be generated by 
horizontally stretching the graph of y = log4 x about 
the y-axis by a factor of 2. The red graph can be 


described by the equation y = logs (+ «| ; 


Section 8.2. Page 390 Question 7 


a) For y = log; (4(x + 5)) + 6, b=4, h =—5, and k = 6. To obtain the graph of 
y= log; (4(x + 5)) + 6, the graph of y = log7 x must be horizontally stretched about the 


y-axis by a factor of : and translated 5 units to the left and 6 units up. 
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b) Fory = 2log,| a(x D) 4,a=2,b= = h=1, and k=-4, To obtain the graph 


of y= 2log, [-F0 - 0) —4, the graph of y = log; x must be horizontally stretched about 


the y-axis by a factor of 3, reflected in the y-axis, vertically stretched about the x-axis by 
a factor of 2, and translated 1 unit to the right and 4 units down. 


Section 8.2. Page 390 Question 8 


a) For a reflection in the x-axis and a translation of 6 units left and 3 units up, a =—1, 
h=-—6, and k= 3. The equation of the transformed function is y = —log3 (x + 6) + 3. 


b) For a vertical stretch by a factor of 5 about the x-axis and a horizontal stretch about 


the y-axis by a factor of >: a=5,b=3,h=0, and k= 0. The equation of the transformed 


function is y = 5 log; 3x. 


: 3 
c) For a vertical stretch about the x-axis by a factor of Xe a horizontal stretch about 


the y-axis by a factor of 4, a reflection in the y-axis, and a translation of 2 units right and 


5 units down, a = ‘ ,b= - ,h =2, and k =—5. The equation of the transformed 


ae 1 
function is y = soe,{ rics 2| D2 


Section 8.2. Page 390 Question 9 


a) y=5 log; (4x + 12)-2 

y= logs(-4(x=3)) =2 
For y = 5 log; (4(x — 3)) —2, a=5, b=-4, h = 3, and k = -2. To obtain the graph of 
y=5 log; (A(x — 3)) —2, the graph of y = log; x must be horizontally stretched about the 


1 : 
y-axis by a factor of ae reflected in the y-axis, vertically stretched about the x-axis by a 


factor of 5, and translated 3 units to the right and 2 units down. 


b) y=—1 los: (6—x)+1 


y= slows (x 6) +1 


For y= = logs (0 6))+ 1l,a= 71b= 1, h=6, and k= 1. To obtain the graph of 


y= : log; ((x — 6)) + 1, the graph of y = log; x must be reflected in the y-axis, 
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; ; 1 ; : 
vertically stretched about the x-axis by a factor of ri reflected in the x-axis, and 


translated 6 units to the right and 1 unit up. 
Section 8.2. Page 390 Question 10 


a) For a vertical translation, compare the point on the graph of y = log; x with the same 
x-coordinate as the given point on the transformed function, (9, —4). 

(9, 2) — (9, 4) 

So, k =—6 and the equation of the transformed image is log; x — 6. 


b) For a horizontal stretch, compare the point on the graph of y = log x with the same 
y-coordinate as the given point on the transformed function, (8, 1). 
(2, 1) > (8, 1) 


So, b= . and the equation of the transformed image is log» (| ; 
Section 8.2 Page 391 Question 11 


507 +2) = logs (4) 


y+2=3 loge (x—4) 
y=3 loge (x-4)-2 
For y = 3 logs (x — 4) — 2, a=3, h=4, and k = —2. To obtain the graph of 
y=3 loge (x — 4) — 2, the graph of y = loge x must be vertically stretched about the x-axis 
by a factor of 3 and translated 4 units to the right and 2 units down. 


Section 8.2. Page 391 Question 12 


a) For R= 0.67 log 0.36E + 1.46, a = 0.67, b = 0.36, and k = 1.46. The function is 


transformed from R = log E by a horizontal stretch about the y-axis by a factor of a or 


2 ; : : 
=, vertically stretched about the x-axis by a factor of 0.67, and translated 1.46 units up. 


b) Substitute R = 7.0. 

R= 0.67 log 0.36E + 1.46 
7.0 = 0.67 log 0.36E + 1.46 
5.54 = 0.67 log 0.36E 


nae log 0.36E 
0.67 
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5.54 
10°°7 =0.36E 
5.54 
E _ 10°97 
0.36 
E =515 649 042.5 
The equivalent amount of energy released, to the nearest kilowatt-hour, is 
515 649 043 kWh. 


Section 8.2 Page 391 Question 13 


a) Substitute P = 110. 
V=0.23 + 0.35 log (P — 56.1) 
= 0.23 + 0.35 log (110 — 56.1) 
= 0.23 + 0.35 log 53.9 
= 0.836... 
To the nearest tenth of a microlitre, the vessel volume is 0.8 wL. 


b) Substitute V= 0.7. 
V=0.23 + 0.35 log (P — 56.1) 
0.7 = 0.23 + 0.35 log (P — 56.1) 
0.47 = 0.35 log (P — 56.1) 
0.47 
—— =log(P—56.1 
035 8 ) 


0.47 
10°%5 = P—56.1 
0.47 


P=10°5 +56.1 


P=78,l22.2 
To the nearest millimetre of mercury, the arterial blood pressure is 78 mmHg. 


Section 8.2 Page 391 Question 14 


a) Substitute m= 60. b) Substitute h = 150. 
log m= 0.008h + 0.4 log m= 0.008h + 0.4 
log 60 = 0.008h + 0.4 log m= 0.008(150) + 0.4 
log 60 — 0.4 = 0.008h log m= 1.6 
_ log60-0.4 m= 10'° 
7 0.008 m= 39.810... 
h= 172.2608... The mass of the child, to the nearest 
The height of the child, to the nearest kilogram, is 40 kg. 


centimetre, is 172 cm. 
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Section 8.2 Page 391 Question 15 


For example, the point (8, 1) is on the graph of f(x) = logg a. 
Determine the value of a such that the point (8, 1) is on the graph of g(x) = a log: x. 
a log, 8 =1 


eee 
a 
24 =8 
=) 
1_, 

a 
1 
a=— 
3 


Section 8.2 Page 391 Question 16 


a) The graph of y = 2 logs x —7 is reflected in the x-axis and translated 6 units up. 
For a base function being transformed: (x, y) — (x, —y + 6) 
Using the given function as the base function: 
(x, 2y — 7) — (x, -(2y — 7) + 6) 
— (x, —2y + 13) 
The equation of the transformed image is y = —2 logs x + 13. 


b) The graph of y = log (6(x — 3)) is stretched horizontally about the y-axis by a factor of 
3 and translated 9 units left. 


For a base function being transformed: (x, y) > (3x — 9, y) 
Using the given function as the base function: 


x x 
Gor) Cles} 
x 
“(7 
The equation of the transformed image is y = log 2x. 


Section 8.2 Page 391 Question 17 


The graph of f(x) = logs x has been transformed to g(x) = a log2 x + k: (x, y) > (x, ay + k). 
Given points on the transformed image: (J. -9) and (16, —6). 


Use the mapping to create a system of equations. 


[F2| —> (F9}) 2a+k=-9 @® 
4 4 


(16, 4) > (16,-6): 4a +k=-6 @ 
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2x @:-4a+ 2k=-18 
+: 4a+k=-6 


3k =—24 
k=-8 
Substitute k =—8 into ©. 

—2a+k=-9 
=o r= => 
Ia=-— 

1 

a=— 

2 


Section 8.2. Page 391 Question C1 


The graph of f(x) = 5* is 
* reflected in the line y = x: g(x) = logs x 


£ 
4 
1 


* horizontally stretched about the y-axis by a factor of 3: b = 2 


* vertically stretched about the x-axis by a factor of ; :a= 


* translated 4 units right and 1 unit down: h = 4 and k=-1 


The equation of transformed image is g(x) = - logs : (x-—4)-1. 


Section 8.2. Page 391 Question C2 


a) For f(x) = log x, 
y = f(x) = loge x 
¥ =f) = logs (x) 
y=f'@=z 


b) The graph of y =—log> x is a reflection in the x-axis of the graph of f(x) = logo x. 
The graph of y = log (x) is a reflection in the y-axis of the graph of f(x) = log x. 
The graph of y = 2” is a reflection in the line y = x of the graph of f(x) = log» x. 
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Section 8.2. Page 391 Question C3 


a) The graph of y = 3(7*_') + 5 is reflected in the line y = x. Determine the equation of 
the inverse of the function. 
y= aC ') +5 
x=3(7"')+5 
x= 5=3(7"-") 


1 2y—-1 
C5) = 77 
A ) 


2y 1 = log; 308 5) 


2y = log7 50-5) 41 


| 1 1 
=—lo x—5)+ 
y 5 Br 5 ( ) 5 


b) Given f(x) =2 log3 (x — 1) + 8, find f '(x). 
f(x) =2 log3 (x-—1)+8 
y=2 log3 (x-1)+8 
x =2 log3 (v—1) +8 
x—8 =2 log3 (v- 1) 


5 (x8) =log3 (y—1) 


Section 8.3 Laws of Logarithms 


Section 8.3. Page 400 Question 1 


a) log, xy vz =log, x+log, y’ + log, Vz  b) log,(xyz)* =8log, xyz 


= 8(1 +] +1 
log, x+3log, y+ log, z COE XP Es EISE: 2) 
2 
c) oe * }-toexe tou d) log, xy[% = tog, x+ 10g, [2 
yilz Z Z 
= 2log x—(log y+ log @/z) =log, x++log,~ 
Z 


1 
=2logx-—log y——logz 1 
8 BY 3 8 slog: x4, (log, y~log,2) 


MHR ° 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 8 Page 20 of 79 


Section 8.3. Page 400 Question 2 


a) logi2 24 — logiz 6 + logi2 36 
aig 24(36) 


12 


= log,, 144 
= 2 


c) log, 273 = log, 27+ log, V3 


= log, 27+ log, 3 
1 

=3+—(1 
a 


i 
p 


Section 8.3. Page 400 Question 3 


a) log, x—log, y+4log, z 
= log, ae log, z* 
y 


xz" 
=log5:—— 
y 


1 
c) log, x~ = (log. x+2log, y) 


1 
=log, x— 5 08s xy 


= log, x—log, </xy" 
6 5 hy? 


b) = 3 log, 10 log, 64 


= log, 10° —log, 164 
1000 


= log, 
= log, 125 


=3 


d) log, 72 ~+ (log; 3+ log, 27) 


= log, 72—log, V81 
= log, 72—log, 9 
= log, = 
9 
=log,8 


=3 


b) E*_ 2109, y 
= log, Vx log, y 


se 


= log, y 


d) log x " logy 
3 3 


= (log x+log y) 


ihe 
3 g xy 


= log {xy 
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Section 8.3. Page 400 Question 4 


Given: log 1.44 = 0.158 36, log 1.2 ~ 0.079 18, and log 1.728 = 0.237 54. 
a) For 1.44 x 1.2, 
log (1.44 x 1.2) = log 1.44 + log 1.2 
= 0.158 36 + 0.079 18 
= 0.237 54 
= log 1.728 
So, 1.44 x 1.2 = 1.728. 


b) For 1.728 =~ 1.2, 

log (1.728 = 1.2) = log 1.728 — log 1.2 
= 0.237 54 — 0.079 18 
= 0.158 36 
= log 1.44 

So, 1.728 + 1.2 = 1.44. 


b) For ¥1.44, 


log v1.44 =0.5 log 1.44 
= 0.5(0.158 36) 


= 0.079 18 
= log 1.2 
So, v1.44 = 1.2. 
Section 8.3. Page 400 Question 5 
a) Given: k = log» 40 — log, 5 b) Given: n= 3 logs 4 
Br = 3082 40-log, 5 eis = 708s 4 
_ 3h = 718s 4 
: glows 708s 64 
= 33 = 
257 ee 


Section 8.3. Page 400 Question 6 


a) You need to apply a horizontal stretch about the y-axis by a factor of ; to the graph 


of y = log x to result in the graph of y = log» 8x. 


b) Using the product law of logarithms, the function y = log» 8x can be written as 
y= log, 8 + logy x, or y= log) x + 3. 

You need to apply a translation of 3 units up to the graph of y = log» x to result in the 
graph of y = log» 8x. 
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Section 8.3. Page 401 


log. x 


a) The equation 


Cc 


Question 7 


=log. x—log, yis false, as log. aoe log. x—log.y. 
uy 


b) The equation log, (x + y) = log. x + log, y is false, as log, xy = log. x + log. y. 


c) The equation log, c" = n is true, since 


log. c" =n log. c 


=n(1) 


=H 


d) The equation (log, x)" =n log, x is false, as log. x" =n log, x. 


e) The equation —log, (=| = log, x is true, since 


x 


Section 8.3. Page 401 


Question 8 


Given: log 3 = P and log 5=Q 


a) log = = log3—logs 
=P-Q 


Cc) log3V5 = log3+ log /5 


= log3+—log5 


=P+—Q 


Section 8.3. Page 401 


Given: logs 7 = K 
a) log, 7° =6log, 7 
=6K 
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b) log15 =log3(5) 
=log3+log5 
=P+Q 

25 5) 

d) log—=log| — 

) rs e( >) 


5 
=2log— 
23 


= 2(log 5—log 3) 
=2(Q-P) 


Question 9 


b) log, 14=log, 7(2) 
=log, 7+log, 2 
=K+1 
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3: 
c) log,(49x 4) = log, 49+ log, 4 d) log, sl = log, 7 —log,8 


= log, 7° +log, 4 1 
=2log, 7+log, 4 = 751082 7 log; 8 
=2K+2 1 


=—K-3 
e) 
Section 8.3. Page 401 Question 10 


a) log, x+log, vx? —2log, x =log, xvx? —log, x” 


1 
= 8s x, X>0 


5 7 
Xx 


7 xvxe ; 
b) log,, Ae +log,, Vxé - log: x =log,, Te Bn x? 


2 
= 3 osu x, X >0 


Section 8.3. Page 401 Question 11 


x’ —25 

ox = 15 

(x—5)(x+5) 
3(x—5) 


x+5 


a) log,(x° —25)—log,(3x—15) = log 
2 2 2: 


= log, 


= log, pe DORAN 
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2 — 
b) log,(x* -16)—log,(x’ —2x—8) =log, = a 


x+4 


=lo 
eta 


c) 2log,(x+3)—log,(x° +x-6) =log, Se 
x +x-6 


x+3 


= 08s 32d) 


1 
= log, ——,x>2 
&s oa, 


Section 8.3. Page 401 Question 12 


a) Left Side Right Side 
log. 48 — (log, 3 + log, 2) log. 8 
= log, 48 — log, 3(2) 


Left Side = Right Side 


b) Left Side Right Side 
7 log. 4 14 log, 2 
= log, 4’ 
= loge (2°)’ 
= log, oe 
= 14 log, 2 
Left Side = Right Side 
c) Left Side Right Side 


(log, 2+ log. 6) log. 2+ log. 3 


1 
=—log 12 
5 &. 


= log. V12 
= log. 2V3 


=log,2+log. V3 
Left Side = Right Side 
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x. —2x-8 
= (x-4)(x+4) 
” (x-4)(x +2) 


xX<-4orx>4 
2 
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d) Left Side Right Side 
log. (5c) 2(log. 5 + 1) 
=2 log. 5c 
= 2(log. 5 + log, c) 
= 2(log. 5 + 1) 
Left Side = Right Side 


Section 8.3. Page 401 Question 13 
a) Substitute I= 0.000 01 and Ip = 10°". 
B =10log i) 


0.000 01 
10°” 
10° 
=10 log a] 
=10log10’ 
=10(7) 
=70 
The decibel level of the a hairdryer is 70 dB. 


=10log 


I 
b) Let the decibel levels of two sounds be B; = 10 log at and B. = 10 log @. 


0 0 
From Example 4 on page 398, comparing the two intensities results in the equation 


B2— Bi = of out) Substitute B. = 118 and B, = 85. 


1 


Bo = Bi = of lou 


1 


118-85 = of tog 


1 


3.3 = log 
g L 
1023 = 22 
L 
I, 
1995.262... = = 


1 
The fire truck siren is approximately 1995 times as loud as city traffic. 
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c) Substitute = = 63 and B; = 80 into Bz — Bi = [tog 
1 1 


Bo —- Bi = of tot 


1 
B2 — 80 = 10 log 63 
Bo = 10 log 63 + 80 
Bz = 97.993... 
The decibel level of the farm tractor is approximately 98 dB. 


Section 8.3. Page 401 Question 14 


The decibel scale is logarithmic, not linear. So, a 20 dB sound is actually 10! times as 
loud as a 10 dB sound. 


Section 8.3. Page 401 Question 15 


Substitute G = 24 and V; = 0.2. 
G=20 ina 
V. 


I 


24=20 ee 
0.2 


- 
1.2 = log — 
502 


10!? = ve 
02 


V =0.2(10'7) 


V =3.169... 
The voltage is 3.2 V, to the nearest tenth of a volt. 


Section 8.3. Page 402 Question 16 


a) Substitute pH = 7.0. 
pH =-log [H+] 
7.0 =—log [H+] 

—7.0 = log [H+] 

[H+] =10°° 

The hydrogen ion concentration is 10’ mol/L. 


b) Let the pH levels of two rains be pH; =—log [H+] and pH2 = —log [Hot]. 
Compare the two pH levels. 

pH2 — pH; = —log [H2+] — (log [Hi+]) 

pH» — pH, = log [H+] | — log [H;+]' 
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[H,+] 


pH2 — pH; = log 
[H+] 
Substitute pH» = 5.6 and pH, = 4.5. 
5.6 —4.5 = log Lilia 
[H,+] 
L.1=log HA4 
[H,+] 
10!" [H,+] 
[H,+] 
12.589... = Hat 
[H,+] 


Acid rain is approximately 12.6 times more acidic than normal rain. 


c) Substitute Lited ee = 500 and pH2 = 6.1 into pH2 — pH; = log —— heres 
[H, +] [H,+] 
[H, +] 
[H, +] 
6.1 — pH; = log 500 
—pH, = log 500 —- 6.1 

pH, =-—log 500 + 6.1 

pH, =3.401.. 
The pH of the hair conditions: is approximately 3.4. 


pH2 — pH, = log 


Section 8.3. Page 402 Question 17 


Given: Av= a : (logm, —logm,) and ™o = 1.06 
m 


f 


ips fic og m, —logm, ) 


0.434 
sa ON ng 
0.434 ~ m, 
= log 1.06 
a) 434 
0.180... 


The change in velocity of the rocket is 0.18 km/s, to the nearest hundredth of a kilometre 
per second. 
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Section 8.3. Page 402 Question 18 


a) The graphs are the same for x > 0. However, the 
graph of y = log x” has a second branch for x < 0, which 
is the reflection in the y-axis of the branch for x > 0. 


b) The graphs are not identical because the domains are 
different. For y = log x’, the domain is {x | x #0, x € R}. 
The domain for y = 2 log x is {x|x>0,x € R}. 


c) For log x” = 2 log x, the restriction x > 0 is required. 


Section 8.3. Page 402 Question 19 


a) Wa N0Ge4 b) Use the change in base formula: log. x = a Bi ; 
cy =x loge 
log, c” =log, x log, 9.5= we = 
og 
ylogs c= log, x ~ 3.2479 
_ log, x 
log,c c) » =—log2 D 
ae? 
log 2 
d) 
Use the formula @ = —log2 D. _ logD 
Let the @-values be ~; =—logy D; and ee log2 
2 =—logs Do. log D 
Compare the two values. Let the o-values be @; =— i 5. and 
og 


Q2—- QM = —logo D> = (-logs D;) 


2 — © = logy Dy" - logs Dy" __ log D, 
D log 2 
ae as For orc 
oe ON ee D, Compare the two values. 
Substitute @2 = 2 and @; =—5.7. 2-01 =— logD, _ [- se 
25) =16 D, log 2 log2 
D 1 
O2— = (log D2 — log D,) 
7.7 = log. One 
, D 1 D 
D i 
977 es Sl 1 
1D, Substitute @2 =—5.7 and @; = 2. 
2H 5.7-2=-——log 2 
207.936... = D, log2 g D, 
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D 
7.7 log 2=log — 
g g D, 


7.7 log 2 
1977 


ms 


Using either form of the formula, the diameter of the pebble is approximately 207.9 times 
that of the medium sand. 


Section 8.3. Page 402 Question 20 


a) Left Side b) Left Side 
=log . Dp ee ones 
ee log, 2 log,2 
_ q 
log, q° u : 


: log,2 log, 2 


5318842 log, p log, q 
slog, 4 _ log, p_log,q 
_ 1085 P 1 I 
1 sie 
= Right Side Swe 
= Right Side 
c) Left Side d) Left Side 
= 1 es 1 = log, D 
log, p_ log, p a 
1 1 = log, p 
log, P log. p log, — 
q 
log. q log q 
= oe B24 log, 1—log, q 
O87 P 82 P 7 log, Dp 
1 ear, 
= (log q + log, q) 0-1 
log. p =—log, Dp 
-l 
= : log ,q° =log, P 
log, p 4 1 
= log, — 
mont! Pp 
7 log.» P = Right Side 
= Right Side 
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Section 8.3. Page 403 Question C1 

a) The function y = log x° can be written as y = 3 log x. You need to apply a vertical 
stretch about the x-axis by a factor of 3 to the graph of y = log x to result in the graph of 
y=logx’. 

b) The function y = log (x + 2)° can be written as y = 5 log (x + 2). You need to apply a 


vertical stretch about the x-axis by a factor of 5 and a translation of 2 units to the left to 
the graph of y = log x to result in the graph of y = log (x + 2)°. 


1 ee 
c) The function y = log — can be written as y = log x. You need to apply a reflection in 
x 


the x-axis to the graph of y = log x to result in the graph of y = log Z 2 
x 


d) The function y = log can be written as y = -5 log (x — 6). You need to apply 


1 
Vx-6 
. ; 1 nk : 
a vertical stretch about the x-axis by a factor of x areflection in the x-axis, anda 


translation of 6 units to the right to the graph of y = log x to result in the graph of 
1 
= log ———. 
y = log ‘es 


Section 8.3. Page 403 Question C2 


log, | sin~ | +o ee =lo Y2 v1 v2 
&> 4 a) 4 8 5 &> 3 


= 2(log, V2 —log, 2) 


1 
= 2{ + oe, 2-1) 
-(5-1| 

2 


=-] 


Section 8.3. Page 403 Question C3 


a) d=log 4-log2 
ee ees 
: 2 
= log 2 
The common difference in the arithmetic series log 2 + log 4 + log 8 + log 16 + log 32 is 
log 2. 
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b) Use the formula for the sum of an arithmetic series: S| = 5th +t,,). Substitute n= 5, 
t; = log 2, and t, = log 32. 

n 
S, = 5 tt + t,) 


Ss => (log? +1og32) 
5 5 
5: mee ee ) 


S,= > (log2+ 5log2) 


i) 
S, =—(6log 2) 
Z 
S, =15log2 
Section 8.3. Page 403 Question C4 
Example: 
Product Law Quotient Law Power Law 
Algebraic M % 
Representation | !0S¢ MN = log. M + log. N | log. a log-M—log-eN | log-M =P log.-M 
Written The logarithm of a product | The logarithm of a The logarithm of a 
Description of numbers is the sum of | quotient of numbers is the | power of a number 
the logarithms of the difference of the is the exponent 
numbers. logarithms of the dividend | times the logarithm 
and divisor. of the number. 
Example x 5 
logy 5x = log, 5 + log» x log a = log x—log 5 logs x° = 2 log; x 
i log, 5+ logy x # log, (5+x) | logx—log5#log.(x—5) | 2 log; x log; 2x 


Section 8.4 Logarithmic and Exponential Equations 


Section 8.4 Page 412 Question 1 


a) 15=12+logx 


b) logs (2x — 3) =2 


3 = log x SS 2e3 
10° =x 28 = 2x 
1000 =x x=14 
c) 4 log; x = log; 81 d) 2 = log (x- 8) 
log; x" = log; 81 x= 3= 10° 
x =81 x= 108 
cas" 
x=3 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 8 Page 32 of 79 


Section 8.4 Page 412 
a) 4(7*) = 92 
7T* = 23 
log 7° = log 23 
x log 7 = log 23 


as log 23 
log7 
x= 1.61 


c) 6*-'=271 
log 6° | = log 271 
(x — 1) log 6 = log 271 
log 271 
x= — + 
log6 
x= 4.13 


1 


Section 8.4 Page 412 


Question 2 


log 23 =logll 
3 log2=log!! 


_ 3log11 
log 2 
x 10.38 

d) 4rxtlasa 


log 4°"! = log 54 
(2x + 1) log 4 = log 54 


pest Og 
2\ log4 
x = 0.94 


Question 3 


I disagree with Hamdi’s check. Neither log; (x — 8) nor log; (x — 6) are defined for x = 5. 


Section 8.4 Page 413 


Question 4 


a) The equation log x + log7 (x — 1) = log, 4x is defined for x > 1. So, the possible root 


x = 0 is extraneous. 


b) The equation loge (x — 24) — logs x = logs 5 is defined for x > 24, or approximately 
x > 4.9. So, both possible roots, x = 3 and x = —8, are extraneous. 


c) The equation log; (x + 3) — logs (x + 5) = 1 is defined for x > —3. So, the possible root 


xX =—6 is extraneous. 


d) The equation logs (x — 2) = 2 — logs (x — 5) is defined for x > 5. So, the possible root 


xX = | is extraneous. 
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Section 8.4 Page 413 Question 5 


a) 2 log; x = log; 32 + log; 2 


3 
log; oS log; 64 b) a On x =log, 125 


x = 64 3 
x=8 log, x? =log, 125 
3 
x? S125 
2 
R= 125° 
x=25 
c) log, x-log,3=5 d) logs x = 2 — logs 4 
loge x + logs 4= 2 
x 
log, >=5 logs 4x = 2 
: 6° = 4x 
x 
<=)? 36 | 
3 ae 
x = 32(3) 9=x 
x= 96 


Section 8.4 Page 413 Question 6 


a) Rubina subtracted the contents of the logarithmic expressions on the left side of the 
equation when she should have divided them. 

Correct solution: 

loge (2x + 1) — loge (x — 1) = loge 5 


log, ee =log,5 
x=1 


2x+1 
5 So | = 
2x+1=5(x-1) 
2Xx+1=5x-5 
—3x = —6x 
x=2 


b) Ahmed’s work is correct. However, he incorrectly concluded that there was no 
solution. The equation 2 logs (x + 3) = logs 9 is defined for x > —3. So, the solution 
isx=0. 


c) Jennifer incorrectly eliminated the logarithmic expression in the third line. The right 


side should have been 2°, not 3. 
Correct solution: 
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logs x + logs (x + 2) =3 
logs (x(x + 2)) =3 
logo (x? + 2x) =3 
x +2x=23 
x’ +2x-8=0 
(x + 4)(x— 2) =0 
x=—4 orx=2 
The solution is x = 2, since x > 0. 


Section 8.4 Page 413 Question 7 


a) qt xt b) 1.6% *=5% 
log 7* = log 2**? log 1.6% *=log 5° 
2x log 7 = (x + 3) log 2 (x — 4) log 1.6 = 3x log 5 
2x log 7 =x log 2 + 3 log 2 x log 1.6 — 4 log 1.6 = 3x log 5 


2x log 7 — x log 2 = 3 log 2 
x(2 log 7 — log 2) = 3 log 2 


3log 2 
2 log 7 —log2 
x = 0.65 
c) g?X- 1 74x*2 


log 9°! = log 71**? 
(2x — 1) log 9 = (x + 2) log 71 
2x log 9 — log 9 = x log 71 + 2 log 71 

2x log 9 — x log 71 = 2 log 71 + log 9 
x(2 log 9 — log 71) =2 log 71 + log 9 
_ 2log71+log9 

2log9—log 71 

x = 81.37 


d) 4(7***) = gx-3 
log 4(7**?) = log 9X? 
log 4 + log 7*** = log 9°? 
log 4+ (x + 2) log 7 = (2x — 3) log 9 
log 4+x log 7 +2 log 7 = 2x log 9 —3 log 9 
x log 7 — 2x log 9 = -3 log 9 — log 4 —2 log 7 
x(log 7 — 2 log 9) =—3 log 9 — log 4 — 2 log 7 
_ —3log9—log4—2log7 
log 7 —2log9 
x = 4.85 
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x log 1.6 — 3x log 5 = 4 log 1.6 
x(log 1.6 — 3 log 5) =4 log 1.6 


Alog1.6 


log1.6—3log5 


x = —0.43 
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Section 8.4 Page 413 Question 8 
a) log,(x—18)—log, x=log, 7 
log, see log, 7 
x 


HAS" 
= 
x-18=7x 
—6x =18 


x=-3 
Since the equation is defined for x > 18, there is no solution. 


7 


b) log,(x—6)+log,(x—8) =3 
log, (x -6)(x-8)) = 3 
(x—6)(x—8) = 2° 

x’ -14x+48=8 

x’ -14x+40=0 
(x—-10)(x-—4) =0 


x=10o0rx=4 
Since the equation is defined for x > 8, the solution is x = 10. 


c) 
2log,(x+4)—log,(x+12) =1 


log,(x+4)° —log,(x+12)=1 


(x+4)? 
re) =] 
array 
(x+4) oy 
x+12 


(x+4) =4(x+12) 
x’ +8x+16=4x+ 48 
x’? +4x-32=0 
(x+8)(x-4) =0 


x=-8 orx=4 
Since the equation is defined for x > —4, the solution is x = 4. 
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d) log,(2x—1) =2—log,(x+1) 
log,(2x—1)+log,(x+1) =2 
log, ((2x—D(x+1)) =2 
(2x-1)(x +1) =37 
2x7 +x-1=9 
2x7 +x-10=0 
(2x+5)(x-2) =0 


gen orx=2 
2 


: oe 1 oe 
Since the equation is defined for x > oe the solution is x = 2. 


log, (x? +4x) =5 
x +4x=2° 

x +4x-32=0 
(x+8)(x-4) =0 


x=-8 orx=4 
Since the equation is defined for x <—4 or x > 0, the solutions are x = —8 and x = 4. 


Section 8.4 Page 413 Question 9 


a) Substitute m =—1.44 and M = 1.45 into m—M=5 log d-—5. 
m—M=5 logd—5 
—1.44-1.45=5 log d—5 
2.89 =5 logd—5 
2.11 =5 logd 


2.11 
— =logd 
5 g 


d=2.642... 
Sirius is approximately 2.64 parsecs from Earth. 


b) The distance 2.64 pc is equivalent to 2.64(3.26), or about 8.61 light years. 
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Section 8.4 Page 413 Question 10 


Substitute E = 24 into log E = log 10.61 + 0.1964 log m. 
log E = log 10.61 + 0.1964 log m 
log 24 = log 10.61 + 0.1964 log m 
log 24 — log 10.61 = 0.1964 log m 


= 0.1964logm 


foo 2 
©1061 


u lo a =logm 
0.1964 10.61. © 


_ Sop 2 
m = 100-194 “10.61 


m= 63.821... 
The mass of the mountain goat is 64 kg, to the nearest kilogram. 


Section 8.4 Page 414 Question 11 


a) Substitute t= 0. 
P= 10 000(1.035)' 
= 10 000(1.035)° 
= 10 000 
When the lake was stocked, 10 000 northern pike were put in the lake. 


b) Since the base is 1.035, or 1 + 0.035, the annual growth rate as a percent is 3.5%. 


c) Substitute P = 20 000. 
P = 10 000(1.035)' 
20 000 = 10 000(1.035)' 
2 = (1.035) 
log 2 = log (1.035)' 
log 2 = t log 1.035 
log 2 
log1.035 
20.148... =t 
It will take approximately 20.1 years for the number of northern pike in the lake to 
double. 
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Section 8.4 Page 414 Question 12 


a) Substitute d= 5906 into log T = . log d— 3.263. 
3 
log T= 5 log d— 3.263 


log T= - log 5906 — 3.263 
T= igre 28 


T = 247.708... 
To the nearest Earth year, it takes Pluto 248 Earth years to revolve around the sun. 


b) Substitute T= 1.88 into log T= = log d— 3.263. 

3 
log T= 5 log d — 3.263 

3 
log 1.88 = 5 log d— 3.263 

log 1.88 + 3.263 = 2 log d 
2 
+ (log 1.88 + 3.263) = log d 
fe io eeaet 268 


d= 228.089... 
Mars is 228 million kilometres from the sun, to the nearest million kilometres 


Page 414 Question 13 


Section 8.4 
. . 0.06 
a) Substitute P = 10 000, i= =a or 0.03, and A = 11 000. 
A=P(1 +i)" 
11 000 = 10 000(1 + 0.03)” 
1.1 = 1.03” 


log 1.1 = log 1.03” 
log 1.1 =n log 1.03 
logl.1 
log 1.03 
3.224...=n 
Since n = 3 results in $10 927.27, and interest is compounded at the end of each 6 
months, it will take 2 years for the GIC to be worth $11 000. 
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0.28 


b) Substitute P = 1200, i= 365” and A = 1241.18. 


A=P(1+i)" 
1241.18=1200( 14525) 
365 


ae 128) 
1200 365 
1241.18 0.28 \" 
= log} 1+—— 
1200 | 


1241.18 0.28 
O —— =nlo 1+— 
1200 


365 
1241.18 
1200 


n= 44.000... 
Linda’s payment is 44 days overdue. 


, or 0.0275. 


c) Substitute A = 3P and i= 


A=P(1 +i)" 
3P = P(1 + 0.0275)" 
3 = 1.0275" 
log 3 = log 1.0275" 
log 3 =n log 1.0275 
log3 | 
log 1.0275 


40.496...=n 
Since n = 40 results in A = $2.96 for P = $1, and compound interest is added at the end of 


each 6 months, it will take 41 + 2, or 20.5 years for the money to triple in value. 


0.055 
2 


Section 8.4 Page 414 Question 14 


Substitute PV = 250 000, i= an , or 0.037, and R = 10 429.01. 
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_ Ril-d+i"] 

——— 

10 429.01 [1L-(1+ 0.037) "J 
0.037 


PV 


250 000 = 


9250 
10 429.01 
fal l==-L.037" 
10 429.01 
1179.01 
10 429.01 


og ee log1.037" 
10 429.01 


og Baska =—nlog1.037 
10 429.01 


=1-1.037" 


=1037" 


1179.01 

og 

10 429.01 
log 1.037 


n= 60.000... 
The mortgage will be completely paid off after 60 + 2, or 30 years. 


Section 8.4 Page 414 Question 15 


Substitute m(t) = 0.315mp into m(t) = m, Gi 


1 a0 
m(t) =m, G 


1 \s730 
0.315m, =m, G 


0.315 =0.55730 


log 0.315 = log 0.5579 

t 

730 

fe 5730 log 0.315 
log 0.5 


t =9549.482... 
The tree was almost 9550 years old when it was discovered. 


log 0.315 = P log 0.5 
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Section 8.4 Page 415 Question 16 


Substitute m(t) = 274, mo = 280, and t = 6 into m(t) = m, Gi , where m(t) and mo are 


measured in megabecquerels, t is time, in hours, and h is the half-life of I-131, in hours. 


1k 
m(t) =m, G 


iy 
274 = 280( 
2 


6 


278 = 9,54 
280 
974 S 
log — =log0.5* 
e580 © 
274 6 
ioe =" 1205 
e580 he 
p — 0108 0.5 
toe 274 
5580 
h=191.994... 


The half-life of I-131 is 192 + 24, or 8 days, to the nearest day. 
Section 8.4 Page 415 Question 17 


Let the light intensity, [(d), below the water’s surface be represented by I(d) = Io(0.96)*, 
where Ip is the intensity at the surface and d is the depth, in metres. 
Substitute I(d) = 0.25lo. 
I(d) = 19(0.96)4 
0.25]o = Io(0.96)4 
0.25 = 0.96" 
log 0.25 = log 0.964 
log 0.25 = d log 0.96 


He log 0.25 
log 0.96 
d= 33.959... 


To the nearest tenth of a metre, at 34.0 m the light intensity is 25% of the intensity at the 
surface. 
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Section 8.4 Page 415 Question 18 


Solve the system of equations, log; 81 = x —y and log, 32 = x + y, by elimination. 


log; 81=x-y 


log, 32=x+y 
log; 81 + logs 32 = 2x 


logs 3* 4 log2 2 = ox 


4+5=2x 
9 

x= —- 

2 


Substitute x = " into log; 81 =x-y. 


log; 81=x-y 
9 
logs; 81 = — — 
83 5 y 
9 
Fee 
5 y 
at 
4 2 


Section 8.4 Page 415 Question 19 


a) The first line, log 0.1 <3 log 0.1, is not true. 


b) Since log x < 0, for 0 <x < 1, the inequality symbol in the last line should be reversed. 


In other words, from line 4 to line 5 you are dividing by a negative quantity. 


Section 8.4 Page 415 Question 20 


2 
logx 


a) x°" =x 
2 


=1 
log x 


2 = log x 
x=10° 
x =100 


Cc) (log i log x 
(log x)’ = 2 log x 
(log x)’ —2 log x =0 
log x(log x — 2) =0 
log x =0 or log x-—2=0 
x= 1 log x =2 
x= 100 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 8 


b) log x'°8* =4 
log x(log x) = 4 


(log x) =4 
logx=+2 
x=10" or x= 10° 
oe = 100 
100 
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Section 8.4 Page 415 Question 21 


a) b) 
log, x+log, x=6 spine ipa 
BS he x=6 : 
log, 4 ° log, x- Bi ae 
log, x log,27 3 
a a log,x 4 
log, x-—3—=— 
3 3 
—log, x=6 > 4 
2 —log,x=—= 
log, x=4 3 fe) 
yao log, x =2 
x=16 Ss 
x=9 


Section 8.4 Page 415 Question 22 


(x? +3x-9)** =1 
log (x? +3x—9)** = log] 

(2x —8) log (x° +3x-9) =0 
2x—8=0 or log (x + 3x—9) =0 
2x=8 x +3x-9=1 
x=4 x +3x—10=0 
(x + 5)(x-— 2) =0 

x=-5 orx=2 


Section 8.4 Page 415 Question C1 


a) 8(2") = 512 
log 8(2*) = log 512 
log 8 + log 2" = log 512 
log 8 +x log 2 = log 512 
x log 2 = log 512 — log 8 
log 64 
es 
log2 
x=6 


b) Example: Fatima could have divided both sides of the equation by 8 to avoid taking 
the logarithm of each side. 
8(2") = 512 
*= 64 
2*=2° 
x=6 
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c) Example: I prefer the approach in part b). It is much shorter. 
Section 8.4 Page 415 Question C2 


For the sequence 4, 12, 36, ..., 708 588, t; =4 andr =3. 
Substitute t; = 708 588, t) =4, andr =3 intot,=tr" |. 
=i 
708 588 = 4(3)""' 
177 147=3""* 
log 177 147 = log 3" | 
log 177 147 =(n— 1)log 3 
log177147 _ a 
log3 
log177 147 " 
log3 


l=n 


12=n 
Section 8.4 Page 415 Question C3 


For the series 8192 + 4096 + 2048 + ..., t} = 8192 and r= 0.5. 
Substitute S, = 16 383, t; = 8192, andr =0.5 into S, = 


Ca t(r" -)) 
‘ r-l 
8192(0.5" —1) 
0.5-1 


r-l 


16 383= 


8191.5 _ 
8192 

j 8IS aes 
8192 


95 os 
8192 


0.5" -1 


0.5 
lo = log0.5" 
192 
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t,(r" -1) 


Page 45 of 79 


Section 8.4 Page 415 


a) 2 logs (cos x) + 1=0 


Question C4 


1 
log. (cos x) =—— 
2 ( ) 


27 =cosx 
1 
—=cosx 
2 
1 71 
xX=— or x= — 
4 4 


b) log (sin x) + log (2 sinx— 1) =0 
log ((sin x)(2 sin x — 1)) =0 

(sin x)(2 sinx—1)=1 

2 sin’ x—sinx—1=0 

(2 sinx + 1)(sinx—1)=0 


2sinx+1=0 or 
sin xX =—— 
4n 5m 

XO 
3 3 


ee 1 bo i 
Since the equation is defined for sin x > 5” the solution is x = 


Section 8.4 Page 415 


sinx—1=0 


sinx=1 


Question C5 


N/a 


N|a 


Exponential Equations 


Logarithmic Equations 


Example Example Example Example 
= a= 1.10" 4 log; x = log; 81 logs (2x —3) =2 

3°* = (3°! | Graph y = 3 and log; x‘ = log; 81 eae ee 

3°% = 3-3 | y= 1.12* and find the x =81 28 = 2x 
Equate the point of intersection. =3 x= 14 
exponents. a. 
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5X =3x-3 
2x =-3 
3 
xX — a 
2 : 
Intersection 
Hoo BS40SE4 Y= 
The solution is x ~ 9.7. 
Chapter 8 Review 


Chapter 8 Review Page 416 Question 1 


b) The graph of y = logo2 x has the following characteristics 
i) domain: {x | x>0,x € R} and range: {y| y € R} 

ii) x-intercept: 1 

iii) no y-intercept 

iv) equation of the asymptote: x = 0 


c) Since f(x) = 0.2*, the equation of inverse is f '(x) = logo. x. 
Chapter 8 Review Page 416 Question 2 


Use the given point (2, 16) on the graph of the inverse of y = log. x, or y=c’ to determine 
the value of c. 
ya 
16=¢ 
=e 
c=4 


Chapter 8 Review Page 416 Question 3 
Write a < log, 24 <b in exponential form: 2° < 24 < 2’. 


Since 2* = 16 and 2° = 32, then a=4 and b =5 
So, the value of logs 24 must be between 4 and 5. 
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Chapter 8 Review Page 366 Question 4 


a) lof; *=5 b) log, == x c) log, 27V3 =x 
2 1 3* =27\3 
3 <= a 
125° =x 8] : : 
x= 25 9% =92 3° =3 
Pe! 
x=-2 7 
d) log, 8=— e) grax | 
* 36 
3 logx _ 2 
xi a8 6 6 
4 log x =—2 
x=8 10° =x 
x=16 1 
x=— 
100 


Chapter 8 Review Page 416 Question 5 


Determine the amplitude of each earthquake. 


Japan earthquake: Japan aftershock: 
M= ice M= ieee 
A A, 
60-150 tAsine = 
A A, 
10°° oe 107 mes 
A, A, 
A=10"°A, A=10"A, 
Compare the amplitudes. 
10°° 
= 10'° 
10”* 
= 39.810... 


The seismic shaking of the Japan earthquake was approximately 40 times that of the 
aftershock. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 8 Page 48 of 79 


Chapter 8 Review Page 416 Question 6 


a) Given: y = logs x 
* Stretch horizontally about the y-axis by a factor of : >b=2, 


y = logs 2x 
* Reflect in the x-axis: a =—1, y = —logy 2x 
¢ Translate 5 units down: k =—5, y =—log4 2x — 5 


b) The equation of the transformed image in the form y = a log, (b(x — h)) + k is 
y =—log,s 2x —5. So, a=-1, b=2,c=4,h=0, and k=-5. 


Chapter 8 Review Page 416 Question 7 


Choose a key points on the blue graph, say 

(4, 2) and (8, 3). 

The key points (4, 2) and (8, 3) on the graph of y = logs x 
have become the image points (1, 2) and (2, 3) on the red 
graph. Thus, the red graph can be generated by 
horizontally stretching the graph of y = log x about the 


: 1 ; 
y-axis by a factor of i The red graph can be described 
by the equation y = log» 4x. 


Chapter 8 Review Page 417 Question 8 


a) For y =-logs (3(x — 12)) + 2, a=-1, b=3, h= 12, and k =2. To obtain the graph of 
y =—logs (3(x — 12)) + 2, the graph of y = logs x must be reflected in the x-axis, 


horizontally stretched about the y-axis by a factor of : , and translated 12 units to the 


right and 2 units up. 


b) Fory +7= on : : 


cory Mees 6)) ae 1,h=6, and 


= —7. To obtain the graph of y +7 = aa 


, the graph of y = logs x must be 


; ; 1 . 
vertically stretched about the x-axis by a factor of x reflected in the y-axis, and 


translated 6 units to the right and 7 units down. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 8 Page 49 of 79 


Chapter 8 Review Page 417 Question 9 
Given: y = 3 logs (x + 8) + 6 
a) The equation of the vertical asymptote occurs when x + 8 = 0. Therefore, the 


equation of the vertical asymptote is x = —8. 


b) The domain is {x | x >—8, x € R} and the range is {y| y € R}. 


c) Substitute x = 0. Then, solve for y. d) Substitute y = 0. Then, solve for x. 
y=3 logs (x+8)+6 y=3 log. (x+8)+6 
=3 log. (0+ 8)+6 0 =3 logs (x + 8) +6 
=3 log.8+6 —6 = 3 logs (x + 8) 
= 3(3)+ 6 —2 = logs (x + 8) 
=15 2° =x+8 
The y-i is 15. 
e y-intercept is 15 1 re 
4 
31 
X = ——_ 
4 


The x-intercept is a , or —7.75. 
Chapter 8 Review Page 417 Question 10 


a) Forn= 12 logo _- ,a=12andb= — . The function is transformed from 
440 440 


n= log» f by a horizontal stretch about the y-axis by a factor of 440 and vertically 
stretched about the x-axis by a factor of 12. 


b) Substitute f= 587.36. 
f 
n= 12 log. —— 
= 7440 


es 1Diloes 587.36 

N 4 587.36 

2 440 
70 _ 587.36 

440 

Graph y = 2” andy = — and determine the point of 
intersection. 
The note D is 5 notes above A. Pee LY W=L.5249094 
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c) Substitute n = 8. 


f 
n= 12 log, —— 
© 7440 
8 = 12 log» ne 
440 
8 i 
1D 440 
2 f 
3. © 440 
aie 
440 
2 
f= 02" 
f = 698.456... 


The frequency of F is 698.46 Hz, to the nearest hundredth of a hertz. 


Chapter 8 Review Page 417 Question 11 


x 
a) log.| —— |=log, x°—log, yV/z 
er) &5 85 Y 


= 5log, x—(log, y+log, Vz) 


1 
= Slog, x—log, dm aE: Zz 


2 2 


= 5 (log xy’ —log z) 
= (logx+logy* —log z) 


= +(logx+2log y—log.z) 
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Chapter 8 Review Page 417 Question 12 


2 1 
a) eer el0R Vr ee b) Weer = We yo leez) 
=log x—log y’ +log Vz? = log x5 (log y+ log") 
<4 xz 1 
ae y3 = log x—— log yz" 


= log x—log | yz’ 
x 


= log ; 


yZ 
Chapter 8 Review Page 417 Question 13 


a) 2log x +3log Vx — log x? = log x” + log Vx? —log x’ 


1 
=—logx,x>0 
5 g 


b) log(x* — 25) —2log(x +5) = log(x* — 25) —log(x +5) 

x’ —25 

(x+5)° 

=i, (x-5)(x+5) 
(x+5)(X+5) 


x—-5 


= log 


»x<—Sorx>5 


=lo 
ts 


Chapter 8 Review Page 417 Question 14 


a) log, 18—log,2+log, 4 = log, = 


= log, 36 
=2 
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V12V9 
(27 
2V3(3) 
4 3/3 

= log, 2 
=0.5 


b) log, J12 +log, V9 -log, 27 = log, 


= log 


Chapter 8 Review Page 417 Question 15 


Let the pH levels of two berries be pH; = —log [Hi+] and pH2 = —log [Ho+]. 
Compare the two pH levels. 
pH2 — pH; = —log [H2+] — (log [Hi+]) 
pH — pH; = log [H+] | — log [H;+] 
[H,+] 
[H+] 
Substitute pH, = 4.0 and pH; = 3.2. 
£0§3= 153 oo! 
[H+] 
(H+) 
[H+] 
[H,+] 
[H,+] 
[H+] 
The blueberry is approximately 6.3 times more acidic than the Saskatoon berry. 


pH2 — pH; = log 


0.8 = log 


6.309... 


Chapter 8 Review Page 417 Question 16 


Substitute m2 = —26.74 and m, = —12.74 in mp — m, = —2.5 oo ; 


1 


m2 —m, = —2.5log 


—26.74 — (-12.74) = -2.5log 


: ea. + Saee. 
id 2 |s4 
XN / ——” 


—14 = —2.5log 


fi a 
| 7 
: een 4 


5.6= on 
F, 


NY 
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10°5 = 


398 107.170... = = 


oy | 


_ 


The sun appears to be approximately 398 107 times brighter than the moon. 


Chapter 8 Review Page 418 


Substitute ao = 20 and B; = 80 into Bo — Bi = [loa 


1 


Bo —- Bi = [tot 
I, 
Bo — 80 = 10 log 20 
2 = 10 log 20 + 80 
B2 = 93.010... 


Question 17 


1 


The decibel level at which the police can issue a fine to a motorcycle operator is 


approximately 93 dB. 
Chapter 8 Review Page 418 


a) ger = 75 
log 3**! = log 75 
(2x + 1) log 3 = log 75 
2x log 3 + log 3 = log 75 
2x log 3 = log 75 — log 3 


log 25 
x= 

2log3 
x ~ 1.46 


Chapter 8 Review Page 418 


a) 2log,(x—3)=log,4 
log,(x—3) =log, 4 
(x-3) =4 
x’ -6x+9=4 
x’ —6x+5=0 
(x-5)(x-1) =0 
x=5 or x=1 


Since the equation is defined for x > 3, the 
solution is x = 5. 
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Question 18 


b) pd a ged 
log 7" Slog 47" 
(x + 1) log 7 = (2x — 1) log 4 
x log 7 + log 7 = 2x log 4 — log 4 
x log 7 — 2x log 4 = -(log 4 + log 7) 
x (log 7 — 2 log 4) = —(log 28) 
log 28 
log 7 —2log4 
x = 4.03 


Question 19 


x-4 ~ 
X+2=2(x-4) 
x=10 
Since the equation is defined for x > 4, the 
solution is x = 10. 
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c) 
log, (3x+1) =2-log,(x—-1) 


log, (3x +1) +log,(x—-l) =2 
log, ((3x +1)(x-1)) =2 
(3x+1)(x-1) =27 

3x’ -2x-1=4 

3x? -2x-5=0 
(3x—5)(x+1) =0 


x= > sh gixueei 
3 


Since the equation is defined for x > 1, the 


bis 5 
solution is x = z . 
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d) logVx? -21x=1 
5 loa —21x)=1 


log(x* —21x) =2 
x’ —21x=107 
x’ —21x-100=0 
(x—25)(x+ 4) =0 
x =25 orx=—-4 


Since the equation is defined for x < 0 or 
x > 21, the solutions are x = 25 and x = +4. 


Question 20 


Let the value of the computer, v(t), be represented by v(t) = vo(0.68)', where vo is the 
initial value of the computer and t is the time, in years. 


Substitute v(t) = 100 and vo = 1200. 
v(t) = vo(0.68) 
100 = 1200(0.68)' 


A = 0.68" 
1200 


1 
log — = log 0.68' 
Pia 


1 
log — =t log 0.68 
8 12 8 


t= 6.443... 


Since t = 6.4 results in a value of $101.68, the computer will be worth less than $100 in 


approximately 6.5 years. 


Chapter 8 Review Page 418 


Question 21 


Substitute R = 1050 into log R = log 73.3 + 0.75 log m. 


log R = log 73.3 + 0.75 log m 
log 1050 = log 73.3 + 0.75 log m 
log 1050 — log 73.3 = 0.75 log m 


1 1050 
log = 
0.75 ie Pe 


logm 
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ths oe 
10°75 B3 = m 


34.789...=m 
The mass of the wolf is 35 kg, to the nearest kilogram. 


Chapter 8 Review Page 418 Question 22 


Substitute m(t) = 600, mo = 800, and h = 6 into m(t) = m, (=) , where m(t) and mo are 


measured in megabecquerels, t is time, in hours, and h is the half-life of Tc-99m, in 
hours. 


Lk 
m(t) =m, G 
5) 
600 = 800] — 
2 


0.75=0.55 
log 0.75 = log 0.5° 
log 0.75 = “lo 0.5 


_ 6log 0.75 
log 0.5 
h=2.490... 


The radioactivity of the Tc-99m in the patient’s body will be 600 MBq in 2.5 h, to the 
nearest tenth of an hour. 


Chapter 8 Review Page 418 Question 23 


a) Substitute P = 500, i= =, or 0.0125, and A = 1000. 


A=P(1+i)" 
1000 = 500(1 + 0.0125)" 
2 = 1.0125" 


log 2 = log 1.0125” 
log 2 =n log 1.0125 
log2 
log 1.0125 
55.797...=n 
It will take approximately 56 ~ 4, or 14 years for the GIC to be worth $11 000. 
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0.048 


b) Substitute FV = 100 000, i= , or 0.012, and R = 500. 


_ Rd+i"=1] 
i 
500[(1+0.012)" —1] 
0.012 


FV 


100 000 = 


0.012(100 000) 
500 


=1.012" -1 


2.4=1.012"-1 
3.4=1.012" 
log 3.4 = log1.012" 
log3.4=nlog1.012 
log3.4 
_ ron 


n=102.591... 
It will take about 103 + 4, or 25.75 years for Mahal’s investment to be worth $100 000. 


Chapter 8 Practice Test 


Chapter 8 Practice Test Page 419 Question 1 


The inverse of y = (+ is y= log, x, which is represented by the graph in choice D. 


4 
Chapter 8 Practice Test Page 419 Question 2 
ee 1 
The exponential form of k =—log), 5, or k= logy 5, is h‘ = = choice A. 
Chapter 8 Practice Test Page 419 Question 3 


The function y = log; ¥x+7 can be written as y = ; log; (x + 7). Then, the graph of 


y = log; x must be vertically stretched about the x-axis by a factor of ; and translated 


7 units to the left to obtain the graph of y = log3; Vx+7 : choice B. 
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Chapter 8 Practice Test Page 419 Question 4 


x? 
log, ae log, x” —log, x’ 
= plog, x—qlog, x 
= (p—q)log, x 
Choice A. 


Chapter 8 Practice Test Page 419 Question 5 


Given x = log 3 
log, 8/3 = log, 8+ log, V3 


= log, 8+ Slog, 3 


eae 
2 
Choice C. 


Chapter 8 Practice Test Page 419 Question 6 


Let the pH levels of two acids be pH; = —log [H;+] and pH» = —log [H>+]. 


Compare the two pH levels. 

pH — pH; = —log [H2+] — (-log [H,+]) 
pH» — pH; = log [H2+] | — log [Hit] ' 
[H,+] 


Substitute Ty = 4 and pH2=2.9. 


2 
2.9 — pH; = log 4 
pH: = 2.9 — log 4 
pH, = 2.297... 
The pH of formic acid is approximately 2.3: choice B. 


Chapter 8 Practice Test Page 420 Question 7 


) =e b) log, 125 = : 
1 3 
81 x? = 125 
x= 25 
c) log; (log, 125) = 1 d) 7% =x 
log, 125 =3 3=x 
x= 125 
x=5 
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e) log, 8° > =4 
(x — 3)logs 8 =4 


(x —3)3 =4 
3x-9=4 
3x = 13 
_B 
3 


Chapter 8 Practice Test Page 420 Question 8 


Given: 5"*" = 125 and logm_-n 8 =3 


Rue = 195 logm-n8=3 
Wee (m—ny =8 
m+n=3 ® (m—ny=2° 
m—-n=2 © 
Solve the system of equations. 
m+n=3 
m—n=2 
2m=5 O+®@ 
S 
m= — 
2 


m+n=3 

2 98 
2 

1 

n= — 

2 


Chapter 8 Practice Test Page 420 Question 9 


For y =—5 logo (8(x — 1)), a=—5, b=8, andh=1. 

Examples: 

To obtain the graph of y =—5 log» (8(x — 1)), the graph of y = logy x must be reflected in 
the x-axis, vertically stretched about the x-axis by a factor of 5, horizontally stretched 


: 1 ; : 
about the y-axis by a factor of 3° and translated | unit to the right. 


OR 
To obtain the graph of y =—5 log» (8(x — 1)), the graph of y = logs x must be horizontally 


; 1 ’ ., 
stretched about the y-axis by a factor of = vertically stretched about the x-axis by a 


factor of 5, reflected in the x-axis, and translated 1 unit to the right. 
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Chapter 8 Practice Test Page 420 Question 10 


Given: y = 2 logs (x + 5) + 6 
a) The equation of the vertical asymptote occurs when x + 5 = 0. Therefore, the 
equation of the vertical asymptote is x = —5. 


b) The domain is {x | x >—5, x € R} and the range is {y| y € R}. 


c) Substitute x = 0. Then, solve for y. 
y=2 logs (x+5)+6 

= 2 logs (0+ 5)+6 

=2 logs5 +6 

=2(1)+ 6 

=8 
The y-intercept is 8. 


d) Substitute y = 0. Then, solve for x. 
y=2 logs (x+5)+6 
0 =2 logs (x + 5)+6 
—6 = 2 logs (x + 5) 
—3 = logs (x +5) 


SP =xt5 
= =f 
125 

wee 
125 


The x-intercept is -— , or 4.992. 


Chapter 8 Practice Test Page 420 Question 11 


a) log,(x—4)-—log,(x+2)=4 
x-4 
x+2 
x—-4 
eee - 
x-4=16(x+2) 
—15x = 36 


log, 4 


oi 


Since the equation is defined for x > 4, there is no solution. 
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b) log,(x—4) =4-log,(x+2) 
log, (x—4) + log, (x+2)=4 
log, ((x—4)(x+ 2)) =4 
(x—4)(x+2)=2' 
x’ —2x-8=16 
x’ —2x-24=0 
(x-6)(x+4) =0 


x=6 or x=—4 
Since the equation is defined for x > 4, the solution is x = 6. 


c) log,(x* —2x)’ =21 
Tlog,(x° — 2x) =21 
log, (x? — 2x) =3 
x’ -2x=2? 
x’ -2x-8=0 


(x-4)(X+ 2) =0 
x=4 or x= 2 


Since the equation is defined for x < 0 or x > 2, the solutions are x = 4 and x = -2. 


Chapter 8 Practice Test Page 420 Question 12 


a) ot =75 
log 3**! = log 75 
(2x + 1) log 3 = log 75 
2x log 3 + log 3 = log 75 
2x log 3 = log 75 — log 3 


ee log 25 
2log3 
x= 1.46 
b) 1 Sah 


los 12°" = lon 3" 


(x — 2) log 12 = (2x + 1) log 3 
x log 12 —2 log 12 = 2x log 3 + log 3 
x log 12 — 2x log 3 = 2 log 12 + log 3 
x(log 12 — 2 log 3) = 2 log 12 + log 3 
_ 2log12+log3 
log12—2log3 
x = 21.09 
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Chapter 8 Practice Test Page 420 Question 13 


Substitute PV = 1 000 000, i= =. or 0.03, and R = 35 000. 


_ RUl-(+i)"] 
i 

35 000[1-(1+.0.03)"] 
0.03 


=1-1.03" 


PV 


1000 000 = 


0.03(1 000 000) 
35 000 


=1-1.03" 


=-1.03" 


ee ee a Bn eon 


=103" 
log — = log1.03" 


log =—nlog1.03 


n=65.831... 
Holly can make semi-annual withdrawals for about 66 + 2, or 33 years. 


Chapter 8 Practice Test Page 420 Question 14 


Substitute AG = 4200 into AG = 1427.6(log C2 — log C;). 
AG = 1427.6(log C, —logC,) 
4200 =1427.6(log C, —logC,) 
4200 C, 
= log 
1427.6 C 


1 


4200 
C sabre 
2 — 1014276 


The glucose concentration outside the cell is approximately 875 times as great as inside 
the cell. 
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Chapter 8 Practice Test Page 420 Question 15 


Substitute = = 2 and B; = 45 into B2 — 8; = of tog al 


1 1 


Bo — Bi = of tog 


1 
Bo — 45 = 10 log 2 
B. = 10 log 2+ 45 
Bo = 48.010... 
Since the decibel level with two refrigerators running is about 48 dB, the owner should 
not be worried. For comparison, this decibel level is between quiet and normal 
conversation on the decibel scale. 


Chapter 8 Practice Test Page 420 Question 16 


Substitute c(t) = 12.8, co = 4.0, and t = 8 into c(t) = c,(2)4, where c(t) and co are 


measured in grams per litre, t is time, in hours, and d is the doubling time of the yeast 
cells, in hours. 


c(t) =, (2)4 
12.8= 4.0(2)@ 
8 
3.2=24 
8 


log 3.2 =log 24 


8 
log 3.2 =—log2 
8 d 8 


je 8log2 
log3.2 
h=4.767... 


The doubling time of the yeast cells is 4.8 h, to the nearest tenth of an hour. 


Chapter 8 Practice Test Page 420 Question 17 


Let the CPI, C(t), be represented by C(t) = C,(2)4, where Cp is the CPI in 1992, t is the 


number of years since 1992, and d is the doubling time, in years. 
Substitute Co = 1, t= 14, and I(d) = 1.299. 
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C=C, (2) 
4 
1.299 =1(2)4 
14 
1.299 =24 
14 


log 1.299 = log2¢ 
log 1.299 = “log 2 


_ 14log2 
log1.299 
d =37.095... 


If the CPI continues to grow at the same rate, in the year 2029 the price of the basket will 
be twice the 1992 price. 


Cumulative Review, Chapters 7-8 


Cumulative Review, Chapters 7-8 Page 422 Question 1 


b) The two functions have the same domain {x | x € R}, range {y| y>0,y € R}, 
y-intercept 1, and equation of the asymptote y = 0. 

c) The function y = 4" is increasing, since c > 1. The function y = (5 is decreasing, 
since 0<c<1. 

Cumulative Review, Chapters 7-8 Page 422 Question 2 


a) For y= 5(2”) + 1, c> 1 so the graph is increasing. The graph will pass through the 
point (0, 6). Graph B. 
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x+5 
b) For y= G , C <1 so the graph is decreasing. The graph will pass through the 


point (0, 0.031 25). Graph D. 


x—5 
c) Fory+1=2° “ory= G , C< 1 so the graph is decreasing. The graph will pass 


through the point (0, 31). Graph A. 


1)" 7 ; 
d) Fory= (3) or y = 5(2"), c> 1 so the graph is increasing. The graph will pass 


through the approximate point (0, 5). Graph C. 


Cumulative Review, Chapters 7-8 
a) Substitute t= 0. 


B(t) = 1000 2") 


B(0) = 1000 2") 


B(O) = 1000 
There were 1000 bacteria initially. 


c) Substitute t = 24. 


B(t) = 1000 2") 


B(24) = 1000 2") 


B(24) = 256 000 


There were 256 000 bacteria after 24 h. 
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Page 422 Question 3 


b) The doubling period is 3 h. 


d) Substitute B(t) = 128 000. 
B(t) = 1000 2") 


128 000 = 1000 2") 


128 = 23 


g7= 93 
_ot 
3 
t=21 


There will be 128 000 bacteria in 21 h. 
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Cumulative Review, Chapters 7-8 Page 422 Question 4 


a) For g(x) = 2(3***) + 1,a=2,h=-4, b) 
and k = 1. The graph of f(x) = 3* must be 
vertically stretch by a factor of 2 and 
translated 4 units to the left and 1 unit 


up. 


c) The domain remains the same. The range changes from {y | y>0, y € R} to 
{y|y>1,y € R} because of the vertical translation. The equation of the asymptote 
changes from y = 0 to y = | also because of the vertical translation. The y-intercept 
changes from | to 163 because of the vertical stretch and vertical translation. 


Cumulative Review, Chapters 7-8 Page 422 Question 5 


a) perro and FSO)? 
= 93x 15 
2x 
bor and G =n 
= (3° 4-x = R-Ax 
= glia 


Cumulative Review, Chapters 7-8 Page 422 Question 6 


a) Faget _3 x43 
8 = ors b) 25 — = 125°""" 
93 _ oe 625 
— 2) x43 
3=x+4 cB, ; =(S "7 
x=-1 () 
2x+6 
con = hale 


cas = 5 ox 


—2x+22=6x+21 
—8x=—1 


x= 


z 
8 
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Cumulative Review, Chapters 7-8 Page 422 Question 7 


a) Graph y = 3(2**') and y = 6 “ and identify the point of intersection. 


Intersection 
= .PeL0bed W=3.6299167 


The solution is x = —0.72, to two decimal places. 


b) Graph y = 4™ and y = 3* | + 5 and identify the point of intersection. 


Intersection 
H=.62536644 [Y=5.66ce045 


The solution is x = 0.63, to two decimal places. 


Cumulative Review, Chapters 7-8 Page 422 Question 8 


a) Substitute t=5. 
p= 100(0.83') 
= 100(0.83°) 
= 39,390... 
The percent air pressure in the tank is approximately 39%. 


b) Substitute p = 50. 
p = 100(0.83') 
50 = 100(0.83') 
0.5 = 0.83" 
Graph y = 0.5 and y = 0.83* and identify the point of intersection. 


Intersection 
H=s.7e000ee T=. 


The air pressure will be 50% of the starting pressure in approximately 3.7 s. 
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Cumulative Review, Chapters 7-8 Page 422 Question 9 
a) In logarithmic form, y = 3” is x = logs y. 

b) In logarithmic form, m = 2°*! is a+ 1 =logy m. 

Cumulative Review, Chapters 7-8 Page 422 Question 10 
a) In exponential form, log, 3 = 4 is x* = 3. 

b) In exponential form, loga (x +5) =b is a?=x+5. 


Cumulative Review, Chapters 7-8 Page 423 Question 11 


1 
a) log, a log,;3~ 
=—4 


1 
b) log, V8 += log, 512= = bos, 8+ log, 512 


1 1 
= gir, O} 


ee 


1 
c) log, (log, V5) = log, Foe 5 


1 
=o 3] 


= 4 
d) Use the inverse property c'®.* = x. For k = log, 49, 
qe =7 log. 49 
= 49 


Cumulative Review, Chapters 7-8 Page 423 Question 12 


a) log, 16=4 b) logo x=5 


logsx __ 
=16 2 =x ae 
4 _ 4 
x =2 32=xX 1 
x=2 xX =— 
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d) log, (log, V27) = = 
1 1 
log | —log,27 |=— 
z.(3 &3 ) 5 
1 1 
log, | —(G) |== 
2.(50)) F 
oo 
2 

243 

xX =— 


ios) 
N 


Cumulative Review, Chapters 7-8 Page 423 Question 13 


oe wat —8) 


+5 ory= : loge (2(x— 4)) + 5, a = 2,h=4, and k= 4. The 
graph of y = logs x must be transformed by a horizontal stretch about the y-axis by a 
factor of ; , a vertical stretch about the x-axis by a factor of : , and translated by 4 units 


to the right and 5 units up. 
Cumulative Review, Chapters 7-8 Page 423 Question 14 


a) For a vertical stretch about the x-axis by a factor of 3 and a horizontal translation of 
5 units left, a= 3 and h=5. The equation of the transformed function is y = 3 log (x + 5). 


1 a 
b) For a horizontal stretch about the y-axis by a factor of - a reflection in the x-axis, 


and a vertical translation of 2 units down, a =—1, b = 2, and k = —2. The equation of the 
transformed function is y = —log 2x — 2. 


Cumulative Review, Chapters 7-8 Page 423 Question 15 


a) Substitute pH = 6.2. Substitute pH = 7.8. 
pH = -log [H+] pH = -log [H+] 
6.2 =—log [H+] 7.8 =—log [H+] 

—6.2 = log [H+] —7.8 = log [H+] 

[H+] =10° [H+] =10°7° 

[H+] ~ 6.3 x 107 [H+] ~ 1.6 x 10° 


The range of the concentration of hydrogen ions that is best for alfalfa is 1.6 x 10° mol/L 
to 6.3 x 107 mol/L. 
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b) Substitute [H+] = 3.0 x 10°. 
pH = —log [H+] 
= -log (3.0 x 10°°) 
= 5,522... 
Since the pH level is above 5.5, nitrogen is available to plants. 


Cumulative Review, Chapters 7-8 Page 423 Question 16 


a) 2logm—(log Vn +3log p) = log m? — (log Vn + log p*) 
=logm? -log( p*Vn) 


m2 


p’vn 


= log ,m>0,n>0, p>0 


b) slog, x—log, Jx)+ log, 3x° = zee, mae log, 3x" 
x 


ie 


= whee. Vx +log, 3x° 


=log, Sfx + log, 3x” 
=log, /xGx") 


13 
=log,3x°,x>0 


c) 2log(x+1)+ log(x—1) —log(x* —1) = log(x +1)’ + log(x—1) —log(x’ —1) 
es eee) 
x -l 
~ joo XtDE+DX=D 
(x+1)(x-1) 
= log(x+1), x>1 


x 


d) log, 27* —log, 3* = log, = 


=log,9*,xeRor 


=log,3"*,xeER 
Cumulative Review, Chapters 7-8 Page 423 Question 17 


Zack incorrectly factored x” — 8x — 65 as (x + 13)(x — 5). The correct factored form is 
(x — 13)(x + 5). So, the solutions are x = 13 and x =-—5S. 
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Cumulative Review, Chapters 7-8 Page 423 Question 18 


a) b) log, x+3log,x° =14 
2x+1 _ 1-x 
pia Ge, log, x+ log,(x’)’ =14 
2x+1 
— ~9 log, x(x°) =14 
4x =9 log, x’ =14 
7 _ 414 
log 4°** = log9 ce 
x=3° 
3xlog4 =log9 
x=9 
chee log9 
3log4 
x ® 0.53 
Cc) log(2x —3) = log(4x —3) —log x 
log(2x —3) —log(4x —3)+ log x =0 
igen == =0 
4x-3 
10° = (2x—3)x 
4x —3 
i- 2x* —3x 
4x-3 
4x-3 = 2x’ —3x 
0=2x? -7x+3 
0 =(2x-1)(x-3) 
x= 2 or x=3 
2 


eee 3 fastn'd 
Since the equation is defined for x > me the solution is x = 3. 


d) log, x+log,(x+6)=4 
log, (x(x + 6)) =4 

x(x+6) =2* 
x’ +6x=16 

x’ +6x-16=0 

(x +8)(x-2) =0 


x=-8 or x=2 
Since the equation is defined for x > 0, the solution is x = 2. 
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Cumulative Review, Chapters 7-8 Page 423 Question 19 


a) Substitute M = 4. 
log E=4.4+1.4M 
log E=4.4 + 1.4(4) 
log E= 10 

E=10" 


Substitute M = 5. 
log E=4.4+1.4M 
log E=4.4 + 1.4(5) 
log E= 11.4 
E=10!!4 


The energy of earthquakes with magnitudes 4 and 5 are 10'° J and 10'' J, respectively. 


b) For each increase in M of 1, E changes by a factor of 10'*, or about 25.1 times. 


Cumulative Review, Chapters 7-8 Page 423 Question 20 


0.06 


Substitute FV = 1 000 000, i = pt or 0.015, and R= 625. 


_ R{ +i)" =I] 
i 
625[(1+ 0.015)" -1] 
0.015 


FV 


1000 000 = 


0.015(1 000 000) 
625 


=1.015"-1 


24=1.015" -1 
25=1015" 
log 25 =log1.015" 
log 25 = nlog1.015 
we log 25 
log1.015 
n= 216,197... 


Since n = 216 results in only $996 946.64, it will take about 217 = 4, or 54.25 years for 


Aaron’s investment to be worth $1 000 000. 


Unit 2 Test 


Unit 2 Test Page 424 Question 1 


Use the given points, (3, —6) and (6, —12), to determine the value of a on the graph of 


y=a(2”), 

For (3, -6), 
y=a(2”) 

~6 = a(2”’) 
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Then, use (6, —12) and a= = 
y=a(2”) 
-12=-5- 2") 
222" 
1=3b 


b= — 

3 
. 1. 6 
Substitute b = i into a= 5 


=-3 
Choice D. 


Unit 2 Test Page 424 Question 2 


For y = 3(b**') —2, a=3, h=—1, and k = —2. The graph of y = b* must be vertically 
stretched by a factor of 2 and translated 1 unit to the left and 2 units down to obtain the 
graph of y = 3(b** ') —2. The domain stays the same, {x | x € R}, but the range changes 
from {y|y>0, y € R} to from {y | y>-2, y € R}. The x-intercept changes from none to 
one. The y-intercept changes from 1 to 3b—2. 

Choice B. 


Unit 2 Test Page 424 Question 3 


The mass, m, of C-14 remaining at time t can be found using the relationship 


m(t) = m, Gi . Ifa bone has lost 40% of its carbon-14, then 60% remains. An 


5730 
equation that can be used to determine its age is 60 = 100 (5 : choice A. 


Unit 2 Test Page 424 Question 4 
2x = logs (y— 1) 
yal s" 
y=3%4+1 
y= 41 


An equivalent form for 2x = log; (y— 1) is y= 9* + 1: choice C. 
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Unit 2 Test Page 424 Question 5 


The function f(x) =—log» (x + 3) is defined for x + 3 > 0, or x > —3. So, the domain is 
{x | x >—3, x € R}: choice A. 


Unit 2 Test Page 424 Question 6 


Given: log, 5 =x 
log, ¥25° = ae 25 


4 
3 
= 708 oii 
3 
= 5B 5 
3 
=—x 
2 
Choice A. 
Unit 2 Test Page 424 Question 7 
Given: logs 16 = x + 2y and log 0.0001 =x-y 
logs 16=x+2y log 0.0001 =x-y 
2=x+2y ® 4=x-y ®@ 
Solve the system of equations. 
2=x+2y 
AHegay 
6 = 3y O-@ 
2=y 
Choice D. 
Unit 2 Test Page 424 Question 8 


For a vertical stretch about the x-axis by a factor of 2, a reflection about the x-axis, and a 
horizontal translation of 3 units right, a =—2 and h=3. 


The graph of the function f(x) = (+ is transformed by a vertical stretch about the x-axis 


by a factor of 2, a reflection about the x-axis, and a horizontal translation of 3 units right. 


x-3 
The equation of the transformed function is g(x) = —2 (5 : 
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Unit 2 Test Page 424 Question 9 


9  (3’y 

Zz 2 

27 (3°33 
3? 
-3" 


S 
2 


The quotient Z > expressed as a single power of 3 is ao 


an 
Unit 2 Test Page 425 Question 10 


For a function that is reflected in the x-axis and translated 1 unit down, the mapping is 
(x, y) > (x, -y— 1). 


The point P(2, 1) is on the graph of the logarithmic function y = log. x. When the function 
is reflected in the x-axis and translated 1 unit down, the coordinates of the image of P are 
(2, —2). 


Unit 2 Test Page 425 Question 11 
log 10°= 0.001 
x = 0.001 


The solution to the equation log 10*= 0.001 is x = 0.001. 


Unit 2 Test Page 425 Question 12 


log, 40 —3log, 10 = log, 40 —log, 10° 


=-2 
Evaluating logs 40 — 3 logs 10 results in —2. 
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Unit 2 Test 


Page 425 


Question 13 


b) The domain is {x | x € R} and the range is {y| y>-2, ye R}. 


c) Solve f(x) = 0. 
fx) =3"*-2 


log 2 = log 3“ 
log 2 =-x log 3 
_ log2 
log3 
x ~-0.6 
Unit 2 Test Page 425 


a) 


(3°)4(3-')? =(3°)? 


Unit 2 Test Page 425 


Question 14 


b) 
52") - 107%? 
log 5(2*"') =log10*** 
log5+log2*" =(2x—3)log10 
log5+(x—Dlog2 = (2x-3)(1) 
log5+xlog2—log2 =2x-3 
xlog2—2x =—3-—log5+log2 
x(log 2—2) = -3—log5+log 2 


des —3-—log5+log2 
log2—2 
x=2 


Question 15 


a) For the function f(x) = 1 — log (x — 2), or f(x) =—log (x — 2) + 1, a=-—1, h =2, and 
k= 1. The function is defined for x — 2 > 0 or x > 2. So, the domain is {x | x > 2, x € R}, 
the range is {y | y € R}, and the equation of the asymptote is x = 2. 
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b) f(x) = 1 — log (x - 2) c) Substitute x = 0. 


y = 1 -log (x —2) f'\(x)=10%° 2 +2 
x= 1-log(y—2) f'(0)=10°- +2 
x—1=-log (y—2) f'(0)=10+2 
+41) =log (y—2) f (0) =12 
vya2=10"-" 
= igs 2 


fey = 10D +2 
Unit 2 Test Page 425 Question 16 
a) log 4= log x + log (13 — 3x) 


log 4 = log (x(13 — 3x)) 
log 4 = log (13x — 3x’) 


4 = 13x — 3x’ 
0 =-3x’ + 13x—4 
0 = 3x*—13x+4 


0 = (3x — 1)(x- 4) 


or x=4 


Since the equation is defined for 0 < x < = , the solutions are x = : and x = 4. 


b) log,(3x+6)—log,(x—4) =2 
3x+6 _9 
x-4 

3X+6 _ 
x-4 
3x+6=9(x-4) 
3x +6 =9x-36 
—6x =—42 
x=7 
Since the equation is defined for x > 4, the solution is x = 7. 


log 


3° 


Unit 2 Test Page 425 Question 17 


Giovanni’s first error occurs in line 2. He multiplied the base by 2 when he should have 
divided both sides by 2. His next error occurs in line six, where he incorrectly applied the 


log 


quotient law of logarithms: i : # log 8 — log 6. The correct solution is 


og6 


2(3") =8 
= 4 
log 3" = log 4 
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x log 3 = log 4 
oe EF 
log3 

x= 1.26 


Unit 2 Test Page 425 Question 18 


Determine the amplitude of the Tofino earthquake. Substitute M = 5.6. 
M= ie 
A 


S6a16e— 
A 


or" _ A 


A, 
A=10°°A, 


Then, the amplitude of the aftershock is 7A or - 10°°Apo. 
M= ij 
A 


1 

—109°° 

alias 
A, 


1 
= log—10°* 
eA 


= log 


= 4.997... 
The magnitude of the aftershock is 5.0, to the nearest tenth. 


Unit 2 Test Page 425 Question 19 


a) Let the world population, P(t), in billions, be represented by P(t) = 6(1.03)', where t is 
the number of years since 2000. 


b) Substitute P(t) = 10. 
P(t) = 6(1.013)' 
10 = 6(1.013)' 


= 1.013' 


Ma wlmn 


log — = log 1.013' 


MN Ww 


log 3 =tlog 1.013 
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5 
log— 
a, 8 


t = ——__ 
log1.013 
P= 39.549... 

The population will reach at least 10 billion by 2040. 


Unit 2 Test Page 425 Question 20 


Substitute FV = 150 000, i= =. or 0.025, and R= 11 500. 


_ Ri+)"-] 

—— 

11 500[(1+ 0.025)" —1] 
0.025 


FV 


150 000 = 


0.025(150 000) 
11500 


me 1.025" -1 
46 


= 1.025" -1 


61 
46 
61 
log — = log 1.025" 
216 g 


= 1.025" 


61 
log — =nlog1.025 
O76 g 


log chs 
22 ae. 
log1.025 
n=11.429... 
Since n= 11 results in only $143 559.86, it will take 12 deposits for the account to 
contain at least $150 000. 
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Chapter 9 Rational Functions 
Section 9.1 Exploring Rational Functions Using Transformations 


Section 9.1 Page 442 Question 1 


Compare each graph to the function form y = mae +k. 


a) Since the graph of the rational function has a vertical asymptote at x =—1 anda 
horizontal asymptote at y= 0, h =—1 and k = 0. Then, the function is of the form 


y= 2 which is B(x) = an 
x+1 x+1 


b) Since the graph of the rational function has a vertical asymptote at x = 0 and a 
horizontal asymptote at y=—1, h=0 and k =-1. Then, the function is of the form 


y= f 1 which is A(x) = ai, 
x x 


c) Since the graph of the rational function has a vertical asymptote at x = 0 anda 
horizontal asymptote at y= 1, h= 0 and k = 1. Then, the function is of the form 


y= Bie: which is D(x) = 2, 

x x 
d) Since the graph of the rational function has a vertical asymptote at x = 1 anda 
horizontal asymptote at y= 0, h= 1 and k= 0. Then, the function is of the form 


y= 2 which is C(x) = a 
x-1 x-1 


Section 9.1 Page 442 Question 2 


ts 1 
a) The base function for y = is y= —. Compare the 
x+2 x 


function to the form y = tk :a=1,h=-2,andk=0. 
xX 


The graph of the base function must be translated 2 units to the 
left. So, the vertical asymptote is at x = —2 and the horizontal 
asymptote is still at y = 0. 


b) The base function for y = : isy= : . Compare the 
x 


function to the form y = ae 1,h=3, andk=0. 
xX-— 


The graph of the base function must be translated 3 units to 
the right. So, the vertical asymptote is at x = 3 and the 
horizontal asymptote is still at y = 0. 
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c) The base function for y = isy= : . Compare the 
x 


1 
(x+1) 
function to the form y = ae. :a=1,h=—-l, andk=0. 

xX — 
The graph of the base function must be translated 1 unit to the 
left. So, the vertical asymptote is at x = —1 and the horizontal 
asymptote is still at y = 0. 


V+ 


d) The base function for y = isy= : . Compare 
x 


1 
(x-4) 
the function to the form y = 7, +k:a=1,h=4, and 

XxX — 
k=0. The graph of the base function must be translated 
4 units to the right. So, the vertical asymptote is at x = 4 and 
the horizontal asymptote is still at y = 0. 


Section 9.1 Page 442 Question 3 


a) Fory= —_,a=6,h= 1, and k=0. The graph of the 


base function y = Es must be stretched vertically by a factor of 
2 


6 and translated 1 unit to the left. The domain is 

{x |x #-—1, x € R} and the range is {y| y#0, y € R}. There is 
no x-intercept. The y-intercept is 6. The vertical asymptote is 
at x =—1 and the horizontal asymptote is at y = 0. 


b) For y= + 21.40 02nd k= 1, Tho seaphof the 
x 


! 1 
base function y = — must be stretched vertically by a factor of 
2 


4 and translated 1 unit up. The domain is {x |x #0, x € R} 
and the range is {y| y#1, y € R}. The x-intercept is -4. There 
is no y-intercept. The vertical asymptote is at x = 0 and the 
horizontal asymptote is at y = 1. 
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c) Fory= 7 5,a=2,h=4, and k=-5S. The graph of the 


; 1 
base function y= — must be stretched vertically by a factor of 
x 


2 and translated 4 units to the right and 5 units down. The 
domain is {x | x #4, x € R} and the range is 


{y|y#—5, y € R}. The x-intercept is = , or 4.4. The y- 


intercept is = , or —5.5. The vertical asymptote is at x = 4 and the horizontal asymptote 


is aty=—5. 


d) Fory= = +3,0= 8,h=2, and k = 3. The graph of 
the base function y = z must be stretched vertically by a 
x 


factor of 8, reflected in the x-axis, and translated 2 units to the 
right and 3 units up. The domain is {x | x #2, x € R} and the 


range is {y| y#3,y € R}. The x-intercept is =. The 


y-intercept is 7. The vertical asymptote is at x = 2 and the 
horizontal asymptote is at y = 3. 


Section 9.1 Page 442 Question 4 


1 ; : 
a) Fory= an , the vertical asymptote is at x = 4, the 
XxX — 


horizontal asymptote is at y = 2, the x-intercept is —0.5, 
and the y-intercept is —0.25. 


2 
b) For y= _ 


, the vertical asymptote is at x = —1, 


the horizontal asymptote is at y = 3, the x-intercept is 
about 0.67, and the y-intercept is —2. 
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—4X + : : 
c) Fory= - , the vertical asymptote is at x = —2, 


the horizontal asymptote is at y = -4, the x-intercept is 
0.75, and the y-intercept is 1.5. 


d) Fory= = , the vertical asymptote is at x = 5, the 


x5 ate -bn eines 
horizontal asymptote is at y = —6, the x-intercept is about 


0.33, and the y-intercept is —0.4. ——E—— 


Section 9.1 Page 442 Question 5 


_ 1ix+12 


a) y 


Jie 

x 

ei 
XxX 


For y= = i, a=12,h=0, and k= 11. The vertical asymptote is at x = 0, and the 
x 


horizontal asymptote is at y= 11. 
Substitute y = 0. 


VHCLintizien 


11 m=" L.090908 [=o 


The x-intercept is = , or about —1.09, and there is no 


y-intercept. 
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b) y= 


x+8 
_ x+8-8 
x+8 
_x+8 8 
x+8 x+8 
i 
x+8 
=— : +1 
x+8 
For y= — . 3 +1,a=-8, h=—8, and k = 1. The vertical asymptote is at x = —8, and the 
X+ 
horizontal asymptote is at y = 1. 
Substitute y = 0. Substitute x = 0. 
a +1 eee 
x+8 “i x+8 
p= — : +1 ae 1 
x+8 0+8 
8 =-l1+1 
x+8 - 
x=0 


The x-intercept is 0, and the y-intercept is 0. 


x+6 
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For y= 


x+6 


horizontal asymptote is at y=—1. 


Substitute y = 0. 


- xX+6 
0= : —1 
xXx+6 
i- 4 
xXx+6 
x+6=4 
x= 2 


; . i 
The x-intercept is —2, and the y-intercept is ae or about —0.33. 


VIE ned tate) 


T= "3533532 


Section 9.1 


Page 442 


Question 6 


Substitute x = 0. 


1,a=4, h=-6, and k =-1. The vertical asymptote is at x = —6, and the 


1 —8 4 
Ch isti = 5 x)= h(x) = = 
aracteristic f(x) 2 g(x) (x+ 6) (x) aT 
Non-permissible a ae eau 
value 
Behaviour near non- Ps Sa pone nes Os. | a) amr once As x approaches —2, 
ee ly| becomes very —6, |y| becomes 
permissible value [y| becomes very large. 
large. very large. 
As |x| becomes As |x| becomes As |x| becomes very 
End behaviour very large, y very large, y large, y approaches 
approaches 0. approaches 0. —3. 
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Domain {x|x#0,x eR} | {x|x#-6,x € R} {x|x#—2,x € R} 


Range Yiy>OyeR} | tyly<OyeRs | tyly>—3,yeR} 
Equation of vertical eG ae oad 
asymptote 

Equation of v= v=o y=3 


horizontal asymptote 


Each function has a single non-permissible value, a vertical asymptote, and a horizontal 
asymptote. The domain of each function consists of all real numbers except for a single 
value. The range of each function consists of a restricted set of the real numbers. |y| 
becomes very large for each function when the values of x approach the non-permissible 
value for the function. 


Section 9.1 Page 443 Question 7 


a) From the graph, the vertical asymptote is at x = 0 and 
the horizontal asymptote is at y= 0. So, h= 0 and k = 0. 


Then, the equation of the function is of the form y = =. 
x 


Use one of the given points, say (2, —2), to determine the 
value of a. 


ee: 
Z 
a=—4 


The equation of the function in the form y = = +k isy 
xX — 


b) From the graph, the vertical asymptote is at x = —3 and 
the horizontal asymptote is at y= 0. So, h=-3 and k= 0. 
Then, the equation of the function is of the form 
a 
x+3_ 
Use one of the given points, say (—2, 1), to determine the 
value of a. 


_ a 
et 
a=] 
The equation of the function in the form y = — tk is y= : ; 
x—h xa 
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c) From the graph, the vertical asymptote is at x = 2 and 
the horizontal asymptote is at y= 4. So, h= 2 andk = 4. 
Then, the equation of the function is of the form 


y= 4-4, 
x 


Use one of the given points, say (4, 8), to determine the 
value of a. 


g=—"_44 
4-2 
fa" 
2 
a=s 
The equation of the function in the form y = a isy= +4. 
x- x 


d) From the graph, the vertical asymptote is at x = 1 and 
the horizontal asymptote is at y=—6. So, h= 1 and 

k =-6. Then, the equation of the function is of the form 
4 x= Perce 
Use one of the given points, say (0, —2), to determine the 
value of a. 


Be hg 
0-1 
4=—a 
a=—4 
The equation of the function in the form y = +k isy= -—-6. 
x= x 


Section 9.1 Page 443 Question 8 


a) Given: y = oA +k passing through points (10, 1) and (2, 9) 
X — 


For (10, 1), For (2, 9), 

y= <a rer 
l= = St 
1= "4k Ga ay 
3=a+3k ® —45=a-—5k ®@ 


Solve the system of equations. 
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3=at+3k 
—45 = a—5k 
48 = 8k ®-@ 
k=6 
Substitute k = 6 into ©. 
3=at3k 
3=a+ 3(6) 
a=-15 


The equation of the function is y = s +6. 
xX — 


Section 9.1 Page 443 Question 9 


Examples: 
a) For asymptotes at x = 2 and y =-3, h = 2 and k =—3. Choose a = 1, then the equation 
of the function in the form y = sk is y= : Ae 
x-h x-2 
Then, rewrite in the form y = POO : 
q(x) 
1 
= —3 
f x-2 
1 3(x-2) 
x-2 x-2 
_ aR? 
x-2 
_3=3x 
x-2 


The domain is {x | x #2, x € R} and the range is 
Yly#3,y € R}. 
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c) There are many possible functions that meet the given criteria, since any value of a 
(other than 0) will result in the same equations for the asymptotes. 


Section 9.1 Page 443 Question 10 


a) In the fourth line, Mira incorrectly factored —3 from —3x — 21. She should have 
grouped —3x + 21. The corrected solution is 

_ 2=3%x 

 xX=7 

Bega! 
— xX-7 
—3x+21-214+2 

x-7 
—3(x-—7)-19 
x-7 

—3(x-7) 19 

x= 7 x-7 


b) Example: Without technology, Mira could have discovered her error by substituting 
the same value of x into each form of the function. With technology, Mira could have 
graphed the two functions to see if they were the same. 


Section 9.1 Page 443 Question 11 


a) 
RZ 
amore 
aD 
a IGE 
_x+2-4 
Y* 2x42) 
3: RZ 4 
Y~9(x42) 2x42) 
re 
DED 
a ee 
x42 a 
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b) For y= ——+5,a= 2,h= 2, and k= —. The 
xXx+ 


1 
graph of the base function y = — must be stretched 
x 
vertically by a factor of 2, reflected in the x-axis, and 


translated 2 units to the left and ; unit up. 


Section 9.1 Page 443 Question 12 


Determine the intercepts. 


Substitute y = 0. Substitute x = 0. 
= 5S = 6 
2x+3 sf 2x+3 
o= 3x—-5 _ 3(0)-5 
2x+3 2(0)+3 
0=3x—-5 5 
ae 3 
i) 


The x-intercept is >, and the y-intercept is -2. 


Use technology to graph the function. 


V="1.56666r 


N | Wo 


The asymptotes are located at x = 3 and y = 


Section 9.1 Page 443 Question 13 


500 000 


For the function N(p) = , as the value of p increases, the value of N decreases. 


This means that as the average price of a home increases, the number of buyers looking 
to buy a home decreases. 
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Section 9.1 Page 444 Question 14 


a) For a rectangle with constant area of 24 cm’, 
A=lw 


b) As the width increases, the length decreases to 
maintain an area of 24 cm’. 


Section 9.1 Page 444 Question 15 


a) Let x represent the number of students who contribute. Let y represent the average 
amount required per student to meet the goal. Then, a function to model this situation is 


xy = 4000, or y= . 


b) 


c) As the number of students that contribute increases, the average amount required by 
student decreases. 


d) Ifthe student council also received a $1000 donation from a local business, the 


function becomes y = ay + 1000. This represents a vertical translation of 1000 units 
x 


up of the original function graph. 
Section 9.1 Page 444 Question 16 


a) Let C represent the average cost per year. Let t represent the time, in years. Then, a 


, : 500 + 100t : : 
function to model freezer one is C = ——————_ and a function to model freezer two is 
t 


_ 800+ 60t 
a 


C 
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Tnkersickionii 
nar V=166.6666- 


c) Both graphs have a vertical asymptote at x = 0, but different horizontal asymptotes. 
The average cost for freezer one approaches $100/year, while the average cost for freezer 
two approaches $60/year. The graph shows that the more years you run the freezer, the 
less the average cost per year is. Freezer one is cheaper to run for a short amount of time, 
while freezer two is cheaper if you run it for a longer period of time. 


d) The point of intersection of the two graphs can help Hanna decide which model to 
choose. If Hanna wants to run the freezer for more than 7.5 years, she should choose the 
second model. Otherwise, she is better off with the first one. 


Section 9.1 Page 444 Question 17 


12 


a) An equation for the current in the given circuit is I = ia 
+X 


b) Since the variable resistor can be set anywhere from 0 Q to 100 Q, an appropriate 
domain is {x |0<x<100,x € R}. The graph does not have a vertical asymptote for this 
domain. 


c) Substitute I = 0.2. 


= 12 
15+x 
_ 12 
15+x 
0.2(15 +x)=12 
15+x=60 
x=45 


A setting of 45 Q is required. 


a ee ’ 12 ; 
d) An equation for the current in the circuit without the bulb is I= —. The vertical 
x 


asymptote is at x = 0, so the domain must change to {x |0<x<100,x € R}. 
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Section 9.1 Page 445 Question 18 


a) Let C represent the average cost per hour. Let t represent the rental time, in hours. 


: ; 20+4t ; 
Then, a function to model renting from store one is C = ——— and a function to model 
t 
10+5t 
renting from store two is C = a 


Intersection 
n=10 ¥ 


b) Both graphs have a vertical asymptote at x = 0, but different horizontal asymptotes. 
The average cost for renting from store one approaches $4/h, while the average cost for 
renting from store two approaches $5/h. The graph shows that the longer you rent the 
bike, the less the average cost per hour is. Store two is cheaper to rent for a short amount 
of time, while store one is cheaper if you rent for a longer period of time. 


c) No. The point of intersection of the two graphs indicates that if you rent a bike for less 
than 10 h, then you should choose store two. Otherwise, choose store one. 


Section 9.1 Page 445 Question 19 


a) Let v represent the average speed, in kilometres per hour, over the entire trip 
and t represent the time, in hours, since leaving the construction zone. Then, an 
80+100t 


equation for v as a function of t for this situation is v= 5 
+t 


b) An appropriate domain for this situation is {t|t>0,t eR}. 


c) The equation of the vertical asymptote is t = —2 and the equation of the horizontal 
asymptote is v= 100. The vertical asymptote does not mean anything in this context, 
since time cannot be negative. The horizontal asymptote means that the average speed 
gets closer and closer to 100 km/h but never reaches it. 
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d) Substitute v = 80. 


ve 804+ 100t 
2+t 

80 = 804+ 100t 
2+t 


80(2 + t) = 80 + 100t 
160 + 80t = 80 + 100t 
—20t = -80 
t=4 
The truck will have to drive 4 h after leaving the construction zone before its average 
speed is 80 km/h. 


e) Example: By including an application on a GPS unit that calculates the average speed 
over the entire trip, a driver could adjust his/her speed accordingly to maintain a target 
speed that provides the best fuel economy for his/her vehicle. 


Section 9.1 Page 445 Question 20 


Given: vertical asymptote at x = 6, horizontal asymptote at y = -4, and x-intercept 
of —1 


For a function of the form y = = +k ,h=6 and k=~4. Then, the equation becomes 
X — 


y= aa. —4. Use the point (—1, 0) to determine the value of a. 
xX —_ 


0= —4 
-1-6 
ae: 
ii 
a=-28 
Rewrite the function y = — s —4 in the form y = gee 
x-6 cx +d 
__ 28 4 
x-6 
_ 28 A(x-6) 
X=6: (x=6 
—28-—4x+24 
x—-6 
_ —4x-4 
x-6 
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Section 9.1 Page 445 Question 21 


a) b) 
x-3 2x 
f= f=—+4 
x+1 x—5 
x-3 2x 
=—— = +4 
= x+1 ‘ X—5 
0? ei aa 
y+l y-5 
xy+)=y-3 (x—4)(y—5) = 2y 
xyt+x=y-3 xy —4y—5x+20=2y 
xy—y=-x-3 xy -6y =5x-20 
y(x-l) =-x-3 y(xX— 6) =5x-20 
=kS3 _ 5x-20 
4 x-1 . x—6 
7 x3 : 5x—20 
f'(x~)= f(x) = 
x-1 x-6 


Section 9.1 Page 445 Question 22 


xX x+4 
+ i 
X+2 x-2 


Use graphing technology to graph y = 


The graph has three branches separated by vertical asymptotes at x = —2 and x = 2. It also 
appears to have a horizontal asymptote at y = 2 for x <—2 and x > 2. 


Section 9.1 Page 445 Question C1 


Example: If the equation of the rational function is given in the form y = ae +k, then 


using transformations is no different than with any other function. However, if the 
equation of the function is not in this form, it is more difficult to manipulate the equation 
to determine the transformations that have been applied. 
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Section 9.1 Page 445 Question C2 


200 000p 
100— 


{p|0< p< 100, p € R}. The function is not defined at p = 100, meaning that 100% of 
the emissions can never be eliminated. 


a) For the function C(p) = , an appropriate domain is 


b) The shape of the graph indicates that as the percent 
of emissions eliminated increases, so does the cost. 


WEL33333.33 
c) For p= 80, For p = 40, 
200 000 200 000 
C(p)=—— C(p)=—— 
100- p 100—p 
c(80) = 200 000(80) C(40) = 200 000(40) 
100-80 100-40 
C(80) = 800 000 C(40) = 133 333.33 


It costs 6 times as much to eliminate 80% as it does to eliminate 40%. 


d) Is it not possible to completely eliminate all of the emissions according to this 
model because the graph of the function has a vertical asymptote at p = 100. 


Section 9.1 Page 445 Question C3 


For y= = +4,a=2,h=3,andk=4, Fory= 2Vx-34+4,a=2,h=3, andk=4. 
>, Go 


Example: Both functions are vertically stretched by a factor of 2 and translated 3 units 
right and 4 units up. In the case of the rational function, the values of the parameters h 
and k represent the locations of asymptotes. For the square root function, the point (h, k) 
gives the location of the endpoint of the graph. 
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Section 9.2 Analysing Rational Functions 


Section 9.2. Page 451 Question 1 


a) 


es ae ae 
Characteristic Y= _6x+68 
Non-permissible value(s) | x= 2x=4 
Feature exhibited at each | vertical asymptote, point of 
nor permissible value discontinuity 


As x approaches 2, |y| becomes | 


Behaviour near each very large. As x approaches 4, 


non- permissible value 


| ¥approaches 0.5. 
Domain | {x|x#2,.4 xe R} 
Range fv|vy#0.05,yeR)} 
x-4 x-4 


b) In factored form, y= ————— is y = ——————_.. There is a vertical asymptote at 
) e248. GAD) aed 
x = 2 because x — 2 is factor of the denominator only. There is a point of discontinuity at 


(4, 0.5) because x — 4 is a factor of both the numerator and the denominator. 


Section 9.2. Page 451 Question 2 


Examples: 
2, 
RO SOX 5 x(x-3 — : 
a) In factored form, y = isy= ( ) . The non-permissible value is x = 0. 
x x 
x y Since the function does not increase or decrease drastically as x 
_-15 | -45 | approaches the non-permissible value, it must be a point of 
-10  -40 | discontinuity. 
-05 | -35 
os | -25 
1.0 | -2.0 
15 | -15 


2 — — 
x” —3x—-10 ‘cy (x—5)(x +2) 


b) In factored form, y = . The non-permissible value is 


x-2 x-2 
x= 2. 
_x | y | Since the function changes sign at the non-permissible value and |y| 
17 40.7 increases, it must be a vertical asymptote. 
18 608 | 
19 | 1209 | 
21 | -1189 | 
22 | 588 
23 | -387 | 
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3x? +4x-4 ee (3x—2)(x+2) 


c) In factored form, y = . The non-permissible value is 


x+4 x+4 
x=—-4. 
x y Since the function changes sign at the non-permissible value and |y| 

-37 74.23 | increases, it must be a vertical asymptote. 

-38| 1206 

-39| 2603 

-4.1 | -3003 

-4.2 | -1606 

-43 | -11423 


5x? +4x-1 ig y= OXTDE+D 


d) In factored form, y = . The non-permissible value is 


5x-1 5x-1 
x= 0.2. 
x y Since the function does not increase or decrease drastically as x 

0.17 1.17 approaches the non-permissible value, it must be a point of 

0.18 | 1.18 discontinuity. 

0.19 1.19 

0.21 121 

0.22 1.22 

0.23 1.23 


Section 9.2 Page 451 Question 3 


Both of the functions have a non-permissible value of —3. However, the graph of f(x) has 
a vertical asymptote, while the graph of g(x) has a point of discontinuity. 


2 — — — 
b) In factored form, f(x) = sad is f(x) = ise) Case . In factored form 
x+3 x+3 
x 42K 3.., x+3)(x-1 
g(x) = FARES ig g(yy = SPICED 
x+3 X+3 


The graph of f(x) has a vertical asymptote at x =—3, since x + 3 is a factor of only the 
denominator. 


Use the simplified form, g(x) = x — 1, x #—3, to determine the coordinates of the point of 


discontinuity. Substituting x = —3, the graph of g(x) has a point of discontinuity at 
(—3, —4). This is because x + 3 is a factor of both the numerator and the denominator. 
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Section 9.2. Page 452 Question 4 


x’ +4x 
x’? +9x+20 
x(xX+4) 
(x+4)(x+5) 


a) y= 


=~ ye-45 
x+5 
The graph will have a vertical asymptote at x = —5. Substituting x = -4, the graph will 
have a point of discontinuity at (4, -4). By substituting y = 0 and x = 0, the graph will 
have an x-intercept of 0 and a y-intercept of 0, respectively. 
de ee ar 


x? —1 


eS osad) Coat etl 

(x+1D(x-1) 
The graph will have vertical asymptotes 
at x =—1 and x= 1. The graph will have 
no points of discontinuity. By 
substituting y = 0 and x = 0, the graph 
will have x-intercepts of —0.5 and 3 and 
a y-intercept of 3, respectively. 


Sy x? +2x-8 
x HOxX=8 
_ (x= 2(x+4) 
(x—4)(x +2)’ 


#—2,4 


The graph will have vertical asymptotes 
at x =—2 and x = 4. The graph will have 
no points of discontinuity. By 
substituting y = 0 and x = 0, the graph 
will have x-intercepts of -4 and 2 anda 
y-intercept of 1, respectively. 
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_ 2x? +7x-15 
9—4x? 
— (2x-3)(x+ 5) 
(3 —2x)(3+ 2x) 
(2x —3)(x+5) 
—(2x —3)(2x +3) 
(x+5) ee 3 ; 3 
—(2x+3) Bee 
The graph will have a vertical asymptote at 


d) y 


x= -= . Substituting x = > , the graph will have 


a point of discontinuity at 3. 3) , or about 


(1.5, —1.083). By substituting y = 0 and x = 0, 
the graph will have an x-intercept of -5 and a 


y-intercept of 3 , or about —1.67, respectively. 


Section 9.2. Page 452 Question 5 


2 
x +2x . x(X+ 2) 
is A(x) = 
x +4 ” x +4 
asymptotes, no points of discontinuity, and x-intercepts of 0 and —2: graph C. 


a) In factored form, A(x) = 


. The graph has no vertical 


= z is B(x) = <— . The graph has a vertical 
x° —2x x(x—2) 
asymptote at x = 0, a point of discontinuity at (2, 0.5), and no x-intercepts: graph A. 


b) In factored form, B(x) = 


x = is C(x) = Xe . The graph has a vertical 
x -4 (x+2)(xX-2) 


asymptote at x = 2, a point of discontinuity at (—2, -0.25), and no x-intercepts: graph D. 


c) In factored form, C(x) = 


d) In factored form, D(x) = = is D(x) = . The graph has a vertical 
x” +2x 


x(X+2) 

asymptote at x =—2, a point of discontinuity at (0, 1), and no x-intercepts: graph B. 
Section 9.2. Page 452 Question 6 

a) Since the graph has vertical asymptotes at x = 1 and x = 4, the denominator has factors 


x — 1 and x —4. Since the graph has x-intercepts of 2 and 3, the numerator has factors 
x —2 and x — 3. Then, the function is of the form 
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_ (x=2)(x-3) 
(x-1)(x-4) 
_ x’ —5x+6 
7 x’ —5x+4 
Choice C. 


b) Since the graph has vertical asymptotes at x = —1 and x = 2, the denominator has 
factors x + 1 and x — 2. Since the graph has x-intercepts of 1 and 4, the numerator has 
factors x — 1 and x — 4. Then, the function is of the form 
_ (X-)(x-4) 
(x+1)(x-2) 
= x’ —5x+4 
x -x-2 
Choice B. 


c) Since the graph has vertical asymptotes at x = —2 and x = 5, the denominator has 
factors x + 2 and x — 5. Since the graph has x-intercepts of 4 and 3, the numerator has 
factors x + 4 and x — 3. Then, the function is of the form 
— (X+4)(x-3) 

(x+2)(x—-5) 

x’ +x-12 

x’ —3x-10 
Choice D. 


d) Since the graph has vertical asymptotes at x = —5 and x = 4, the denominator has 
factors x + 5 and x — 4. Since the graph has x-intercepts of —2 and 1, the numerator has 
factors x + 2 and x — 1. Then, the function is of the form 
— (%4+2)x-1 

(x+5)(x-4) 

x°+x-2 

x’ +x-20 
Choice A. 


Section 9.2. Page 453 Question 7 


a) Since the graph has a vertical asymptote at x = —2, the denominator has factor x + 2. 
Since the graph has an x-intercept of —6, the numerator has factor x + 6. Since the graph 
has a point of discontinuity at (0, 3), both the numerator and denominator have factor x. 
Then, the function is of the form 


_ x(X+6) 
a= x(x+ 2) 
_ x’ +6x 
a x’ +2x 
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b) Since the graph has a vertical asymptote at x = 1, the denominator has factor x — 1. 
Since the graph has an x-intercept of 7, the numerator has factor x — 7. Since the graph 
has a point of discontinuity at (—3, 2.5), both the numerator and denominator have factor 
x + 3. Then, the function is of the form 
— (X-7)(xX+3) 

(x—-1)(x +3) 
= x’ -4x-21 

x’ +2x-3 


Section 9.2. Page 453 Question 8 


a) For vertical asymptotes at x = +5 and x-intercepts of —10 and 4, 
* the denominator has factors x + 5 and x —5 

¢ the numerator has factors x + 10 and x — 4 

(x+10)(x-4) 

(x+5)(x—5) 


Then, the function is of the form y = 


b) For a vertical asymptote at x = -4, a point of discontinuity at (-4. 9| , and an 


x-intercept of 8, 

* the denominator has factor x + 4 

* both the numerator and denominator have factor 2x + 11 
* the numerator has factor x — 8 

— (2x+11(x-8) 


Then, the function is of the form y ‘ 
(x+4)(2x+11) 


: ee 2 1 ’ 
c) For a point of discontinuity at & :) a vertical asymptote at x = 3, a, and an 


x-intercept of —1, 

* both the numerator and denominator have factor x + 2 
* the denominator has factor x — 3 

¢ the numerator has factor x + 1 


Then, the function is of the form y = OEE). 
(x+2)(x-3) 


d) For vertical asymptotes at x = 3 and x = , and x-intercepts of -2 and 0, 


¢ the denominator has factors x — 3 and 7x — 6 
¢ the numerator has factors 4x + 1 and x 
(4x +1)x 


(x—3)(7x—6) 


Then, the function is of the form y = 
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Section 9.2. Page 453 Question 9 


x-3 x-3 
a ———————— ee 
yO) x’? —5x-6 9(x) x? —5x+6 
= ie ,x#-—1,6 Be eee 
(x-6)(x +1) (x—2)(x-3) 
ae or 
x-2 


The graphs will be different. The graph of f(x) will have two vertical asymptotes, no 
points of discontinuity, and one x-intercept. The graph of g(x) will have one vertical 
asymptote, one point of discontinuity, and no x-intercepts. 


b) My predictions were correct. 


Section 9.2. Page 453 Question 10 


Since the graph has points of discontinuity at (—3, —3) and (2, —3), both the numerator and 
the denominator have factors x + 3 and x — 2. Then, the function is of the form 
— —3(x+3)(x-2) 
(x+3)(x—2) ~ 


Section 9.2. Page 453 Question 11 


2 2 
zis = isy= op . The graph has vertical asymptotes 
x - X-1)\(Xt+ 


atx = 1 and x =-—1, no points of discontinuity, and no x-intercepts. 


a) In factored form, y = 
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2x°-2. —-A(x-1)(x4+]) 
| (x-1)(x+]1) 
asymptotes, points of discontinuity at (1, 2) and (—1, 2), and no x-intercepts. 
VWtens-2)7Cns-1) 


c) i) In factored form, y = . The graph has no vertical 
» grap 


2x°+2., 2(x° +1) 
5 Sys 
x +1 (x° +1) 
nor points of discontinuity, nor x-intercepts. 
Ventre etn s+l) 


ii) In factored form, y = . The graph has no vertical asymptotes, 
y grap ymp 


Section 9.2. Page 453 Question 12 


a) Let wrepresent the speed of the wind, in kilometres per hour, and t represent the time, 


in hours, then an equation that represents t as a function of w is t= = ,w#-250. 
+W 


b) 
T=bonvtntesay 


c) When the headwind reaches the speed of the aircraft, theoretically it will come to a 
standstill, so it will take an infinite amount of time for the aircraft to reach its destination. 


d) Example: The realistic part of the graph would be in the range of normal wind speeds 
for whichever area the aircraft is in. 
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Section 9.2 Page 454 Question 13 


a) The function that relates the time, t, in hours, it will take them to travel 4 km along the 


channel as a function of the speed, w, in kilometres per hour, of the current is t = i ; 
+w 


The domain in this context is {w|-4<w<4,we R}. 


b) 
T4etneas 


c) When the current against Ryan and Kandra reaches their kayaking speed, theoretically 
they will come to a standstill, so it will take an infinite amount of time for the them to 
reach their destination. 


Section 9.2 Page 454 Question 14 


a) There will be a vertical asymptote at p = 100, since 100 — p is a factor of the 
denominator only. 


b) The graph shows that the percent of 1= 
the population vaccinated will never 
reach 100%. 


c) Yes, this is a good model for the estimated cost of vaccinating the population. The 
vaccination process will become more difficult after the major urban centres have been 
vaccinated. It will be much more costly to find every single person in the rural areas. 


Section 9.2 Page 454 Question 15 


a) The portion of the graph applicable is 
for a domain of 


{v|O<v< v125,veR}. 


VWEe5 79 bebe 
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b) As the initial velocity increase, so does the maximum height, but at a greater rate. 


c) There will be a vertical asymptote at v= 125, since ¥125 — visa factor of the 
denominator only. When the initial velocity reaches the non-permissible value, the object 
will leave Earth and never return. This models the escape velocity. 


Section 9.2 Page 454 Question 16 


Since the graph has vertical asymptotes at x = —2 and x = 3, the denominator has factors 
x + 2 and x — 3. Since the graph has x-intercepts of —6 and 2, the numerator has factors 


x + 6 and x — 2. Then, the function is of the form y = oes) : 
(x + 2)(x—3) 
Check the y-intercept. Substituting x = 0, gives a y-intercept of 2. Since the y-intercept of 
(x + 6)(X— 2) 


the graph is —1, the function becomes y = 


2(x+2)(x-3) 


Section 9.2. Page 455 Question 17 


a) Substitute f= 4, then I = ~.. 


b) The image distance decreases while the object distance is still less than the focal 
length. The image distance starts to increase once the object distance is more than the 
focal length. 


c) The non-permissible value results in a vertical asymptote. This relates to the fact that 
as the object distance approaches the focal length, it gets harder to resolve the image. 


Section 9.2. Page 455 Question 18 


a) Example: Functions f(x) and h(x) will have similar graphs since they are the same 
except for a point of discontinuity in the graph of h(x). 


b) All three graphs will have a vertical asymptote at x = —b, since x + b is a factor of only 


the denominators. All three graphs will also have an x-intercept of —a, since x + a is a 
factor of only the numerators. 
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Section 9.2. Page 455 Question 19 


x’ +bxt+c _, ; ; . 11 
—,—.——— with point of discontinuity at [-s x) 
Ax’ +29x+c 35 
From the point of discontinuity, the corresponding factor x + 8 is common to both the 
numerator and the denominator. Substitute x = —8 into the corresponding denominator 
equation and solve the c. 
4x” + 29x +c=0 
4(-8)° + 29(-8) +c =0 
=-24 
Substitute x = —8 and c = —24 into the corresponding numerator equation and solve for b. 
x + bx+c=0 
(-8)° + b(—8) + (-24) =0 


Given: y = 


—8b = 40 
b=5 
2 2 7 
Then, y = zal amas becomes y = aa ee . The factored form of 
4x°+29x+c 4x” +29x—24 
2 
= asta isy= ee) . So, the x-intercept is 3 and the vertical 
Ax” +29x—24 (x+8)(4x —3) 

asymptote occurs at x = - : 


Section 9.2. Page 455 Question 20 


2x24 1 
For f(x) = ee find y= 7 f{-x—3)). 
_ 2x’ -4x 
mw x’ +3x—28 
ie 1} 2(-(x-3))’ -4(-(x-3)) 
4] ((x—3))? + 3(-(x—3))—28 


1[ 2(x? —6x+9)+4(x—3) 
4| x° -6x+9-3(x—3)—28 


{| 2x? 1999 18 94-12 
4] x° 6x+9-—3x+9—-28 


Px) 


1 
4] x? —9x—-10 


1] x?-4x43 

2| x —9x-10 

_ x? -4x43 
2x? -18x —20 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 9 Page 28 of 60 


Section 9.2. Page 455 Question 21 


a) Since the graph has points of discontinuity at (4, —2) and (2, 2.5), the corresponding 
factors x + 4 and x — 2 are common to both the numerator and the denominator. Ignoring 
these points, the equation of the linear function is y = ox +lory= 7 (3x + 4). Putting 
(x + 4)(X— 2)(3x + 4) 

A(x+4)(x-2) 


these together, gives the function y = 


b) Since the graph has points of discontinuity at (—2, 0) and (1, —3), the corresponding 
factors x + 2 and x — 1 are common to both the numerator and the denominator. Ignoring 
these points, the equation of the quadratic function is y = (x + 2)(x — 2). Putting these 
(x +2)? (x—-1)(x-2) 

(x+2)(x-l) 


together, gives the function y = 


Section 9.2 Page 456 Question 22 


The functions are reciprocals since where the graph of 
f(x) has vertical asymptotes, the graph of g(x) has 
x-intercepts. 


Section 9.2 Page 456 Question 23 


age sale " 5 
x -4 x+2 
: x+2 i 5 
(x+2)(x-2) x42 Wistheed tne 4b cneed 
S42 ba(R-2) 
© (X+2)(K=2). 
6x-8 


= xe 12 
(x4 2)(x—2) 


The graph will have vertical asymptotes at 
x =—2 and x = 2 and no points of discontinuity. 


neLessssse [=O 
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- 2x? —7x? -15x 
x? =x=—20 
_ xX(2x+3)(x—5) 
(x—-5)(x+ 4) 
= MO) a 
x+4 
The graph will have a vertical asymptote at i bol a cat to A oe 


b) y 


4,5 


x =—4 and a point of discontinuity at (2) ; 


Section 9.2. Page 456 Question C1 


a) Example: No. Some rational functions have no points of discontinuity or asymptotes. 


yo + Ox 
and h(x) = 
x +4 @) x +4 


For example, g(x) = have no vertical asymptotes nor points of 
ple, g ymp p 


discontinuity since there are no values that make the denominator 0 nor factors common 
between the numerator and denominator. 


b) Example: A rational function is a function that has a polynomial in the numerator 
and/or in the denominator. A factor of only the denominator corresponds to a vertical 
asymptote. A factor of both the numerator and the denominator corresponds to a 
point of discontinuity. 


Section 9.2. Page 456 Question C2 


Example: True. All polynomial functions are rational functions since it is possible to 
express a polynomial function as a rational function with a denominator of 1. 


Section 9.2 Page 456 Question C3 


Example: The graphs of rational functions in Section 9.1 all had asymptotes and two 
branches. The graphs of rational functions in Section 9.2 had 

* no branches, two branches, or three branches 

* asymptotes only 

* points of discontinuity only 

* asymptotes and points of discontinuity 

* neither asymptotes nor points of discontinuity 
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Section 9.3 Connecting Graphs and Rational Equations 


Section 9.3. Page 465 Question 1 


a) The single function that can be used to solve = 5 +6=x isy= 7 —x+6: 
xX xX 
choice B. 
b) The single function that can be used to solve 6—x = 5 +2 isy= . 5 +x-4: 
x- xX 

choice D. 

c) The single function that can be used to solve 6 . 5 =x-2isy= = 5 +x-8: 
x= x= 

choice A. 


d) The single function that can be used to solve x+6= = 5 isy= #6: 


choice C. 
Section 9.3. Page 465 Question 2 


a) The equation has a non-permissible value of 0. 


are ee 
x 

—2+x°+x=0 
x7 +x-2=0 


(x+2)(x-1)=0 
x=—2 orx=1 
By inspection, both values check. The equation has two solutions, x = —2 and x = 1. 


The equation has two solutions, x = —2 and x = 1. 


c) The value of the function is 0 when the value of x is —2 or 1. The x-intercepts of the 
graph of the corresponding function are the same as the roots of the equation. 
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Section 9.3. Page 465 Question 3 


a) The equation has a non-permissible 


value of Bais 
3 
5x _7 
3x+4 
5x = 7(3x+ 4) 
5x =21x+28 
—16x =28 
__28 
16 
7 
x=-— 
4 


c) The equation has a non-permissible 
value of 2. 


=x-6 
x-2 
x” =(x—6)(x—2) 


x? = x°-8x412 


8x=12 
2 
8 
3 
x= 
2 


Section 9.3. Page 465 Question 4 


b) The equation has a non-permissible 
value of 0. 


7 - 20-3x 
x 
2x = 20-—3x 
5x = 20 
x=4 


d) The equation has non-permissible 
values of —3 and 0. 


2 xX 
l+—= 
X x+3 
MD. 
xX x+3 


xX’ =(x+2)(x +3) 
x? =x° +5x+6 


—5x=6 


x=-— 


5 


a) Graph the single function y = Se x—7 and identify the x-intercepts. 


x 


The equation has two solutions, x = —8 and x = 1. 
Check: 
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For x =-8, For x= 1, 

Left Side Right Side Left Side Right Side 
2A x3 24 x3 
x x 

a4 =-8+3 wig =1+3 
-8 1 

==9 ==) =4 = 


The equation has two solutions, x = 0 and x = 3. 


Check: 
For x= 0, For x= 3, 
Left Side Right Side Left Side Right Side 
dx 10x dx 10x 
2x-1 2x-1 
1 
= 2(0) 10(0) = 2(3) _ 10(3) 
2(0)-1 2(3)-1 
=0 = =6 = 
c) Graph the single function 
2 — 
a 2x+1 and identify 
X+ 


the x-intercepts. 


The equation has one solution, x = 4. 


Check: 
For x= 4, 
Left Side Right Side 
2 — 
3x” +4x-15 dx] 
x4+3 
2 — 
_ 34) +44) -15 =2(4)-1 
4+3 
=7 =7 
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x’ —4x 3 


d) Graph the single function y = 1+ Bs and identify the x-intercepts. 
7—5x 5x—7 


The equation has two solutions, x = | and x = > : 
Check: 
For x= 1, Forx= >, 
Left Side Right Side Left Side Right Side 
3 x" —4x 3 x —4x 
+X 1+ es 1+ 
5x-7 7% 5x-7 7-5x 
GG) 
a oll Ce pee 
7 = 44 Ly a = 3 soe ie 3 - 
nr en) 
3 
Sa =o ae, ae 
2 2 I2 2 


Section 9.3. Page 466 Question 5 


a) Graph the single function y = — —x-+3 and identify the x-intercepts. 
x 


fero 
= 7.LEr45e6 [=o 


The equation has two solutions, x ~ —0.14 and x ~ 3.64. 
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x41 


—=x-3 
2x 
Xx +1=2x(x—-3) 
x+1=2x* —6x 
0 =2x* -7x-1 
es —b+b’ -4ac 
2a 
ee 47 —4(2)(-1) 
- 2(2) 
_-7457 
4 
x = —0.14 or x ~ 3.64 
: : x -4x—5 : ; : 
b) Graph the single function y = 55 x—3 and identify the x-intercepts. 
— 5x 


Zero Zero 
n= "2.29784 [=o n=. or Borge =o 
The equation has two solutions, x ~ —2.30 and x ~ 0.80. 


x? —4x-—5=(x+3)(2—5x) 
x’ —4x—5 =-5x’ -13x+6 
6x’ +9x-11=0 
va PEND? = 4ac 
2a 
~9+./9" —4(6)(-11) 
7 2(6) 


_ —9+/345 
12 
X ~—2.30 or x ~ 0.80 
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7X 


2 isa ‘ 
c) Graph the single function y = 3- —— and identify the x-intercepts. 
x 


x-2 


23 7X 
x x-2 
2_ —6-4x 
x x-2 


2(x —2) = x(-6 —4x) 
2x-4=-6x—4x? 
4x? +8x-4=0 
_ —b +b’ —4ac 
2a 
_ -8+,/8? -4(4\(-4) 
2(4) 


_ 8+ 128 
8 
xX ~—2.41 orx = 0.41 


1 eae : 
d) Graph the single function y = 1+ 3 + and identify the x-intercepts. 
x+ x 


———omy 


eke 


Zero ah 
n="E.7SHeis Y=0 =".26228r2 T=0 
The equation has two solutions, x ~—5.74 and x ~ —0.26. 
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5 xt+l 


2+ =] 
xt3 x 
2xt+11_-l 
x+3 x 


x(2x +11) =-(x +3) 

2x? +11x=-x-3 
2x* +12x+3=0 
- —b+ Vb’ —4ac 

2a 
_ 1244/12? —4(2)(3) 
2(2) 
_ -12+120 


4 
x ~—5.74 or x =-0.26 


Section 9.3. Page 466 Question 6 


a) The equation has a non-permissible value of 2. 


3x x+4 
+5x= 
x-2 x-2 
5x°-7x _x+4 
x-2 x-2 
5x°—7x=x+4 
5x’ -8x-4=0 


(5x+2)(x—2) =0 


ee orx=2 
5 


oes 2, . 
The solution is x = “a9 since x = 2 is an extraneous root. 


Graph the system of functions and find the points of intersection. 


Intersection 
n= 7.4 


The solution is x = —0.4, or - , which is the same as the answer found algebraically. 
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b) The equation has a non-permissible value of -4. 
3x? +14x+8 
x4 
(2x +3)(x+ 4) =3x? +14x+8 


2x? +11x+12 =3x? +14x+8 


2X4+3= 


0=x°+3x-4 
0=(x+4)(x-l) 
x=—-4orx=l 


The solution is x = 1, since x = —4 is an extraneous root. 
Graph the system of functions and find the points of intersection. 


Intersection 
Hil 


The solution is x = 1, which is the same as the answer found algebraically. 


c) The equation has a non-permissible value of 3. 
6x a 


3x? —3x 2 2x? —5x+15 


x-3 x-3 
3x? —3x =2x* —5x+15 
x? +2x-15=0 


(x+5)(x—-3) =0 

x=—5S orx=3 

The solution is x = —5, since x = 3 is an extraneous root. 

Graph the system of functions and find the points of intersection. 


at 


Intersection 
n= 7E 


The solution is x = —5, which is the same as the answer found algebraically. 
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d) The equation has non-permissible values of 0 and 1. 


any na 
xX aX x= 
4x? -2x-1_ xX 
RS, RA 
4x? -2x-1l=x° 

3x’ —2x-1=0 


(3x +1)(x-1) =0 


ew orx=1 
3 


eat Ae 8%, : 
The solution is xX = “a since x = | is an extraneous root. 


Graph the system of functions and find the points of intersection. 


Intersection 
H= ".FS3E532 VS.2E 


The solution is x = 5 , which is the same as the answer found algebraically. 


Section 9.3. Page 466 Question 7 


Example: Yunah’s approach is correct, but she should have indicated that the non- 
permissible value is 1. 


Section 9.3. Page 466 Question 8 


Solve algebraically. The equation has non-permissible values of | and —2. 
2k Ec 2 3 
x=1. x42 2 
2X¢1 -ASBX46) 
x-1 -2(x +2) 
2(x + 2)(2x +1) = (x -1)(-3x -2) 
4x? +10x+4=-3x° +x+2 


7x’ +9x+2=0 
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—b+/b* —4ac 
2a 
~9+,/9? —4(7)(2) 
2(7) 

~9+/25 

14 
~9+5 

14 


The solution is x = - , or about —0.29, and x =—1. 


points of intersection. 


Intersection 
m= .2BGPLas WS 7.332335 


The solution is xX = —1 and x ~—0.29, which is the same as the solution found 
algebraically. 


Section 9.3. Page 466 Question 9 


Solve algebraically. The equation has non-permissible value is —2. 
1 x 


2- = +1 
X+2 x4+2 
ee Z 
X42 x+2 
zx +1 
X+2 
There is no solution. 
Solve graphically. Graph the system of ee 
functions and find the points of 
intersection. 


The graphs do not intersect, so there is 
no solution. This is the same as the result 
found algebraically. 
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Section 9.3. Page 466 Question 10 


Substitute P = 500 and I= 5 into I= —_,. 
4nd 

_ P 

~ And? 

_ 500 

~ And? 
2 = 500 

20a 

_ 25 


d = 2.820... 
At approximately 2.82 m from a 500-W light source the is intensity 5 W/m’. 


Section 9.3. Page 466 Question 11 


Substitute C = 2 into C(t) = au . 
1.2t° +5 
50t 
C(t) = 
«) 1.207 +5 
_ 50t 
1.2t7 +5 


Solve graphically. Graph the system of functions and find the points of intersection. 


Intersection 
H=eW.es1ira T= 


Approximately 20.6 h after drinking coffee the person’s level dropped to 2 mg/L. 


Section 9.3. Page 467 Question 12 


Substitute T = 10 and a = 30 into T = ec 
a+b 
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ab 


T =——_ 
a+b 
10= 30b 
30+b 


10(30+b) =30b 
300+10b =30b 
300 = 20b 


b=15 
It would take James 15 min to set it up by himself. 


Section 9.3. Page 467 Question 13 


a) Given: 28 shots on net, scored 2 goals 
If x represents the number of shots she takes from now on and she scores on half of them, 
2+0.5x 


OG ae” 


then a function that represents Rachel’s shooting percentage is p = 


b) Substitute p = 0.3. 


_ 2+0.5x 
(2B +x 
0.3= 2+0.5x 
284+x 
0.3(28 + x) =2+0.5x 
6.4=0.2x 
x= 32 


It will take 32 more shots for her to bring her shooting percentage up to her target. 


Section 9.3. Page 467 Question 14 


21.2T? —877T +9150 


a) Substitute C(T) = 15 into C(T) = 
shcasiiadiiicaa (0 ~ 253 6F 1 760 


. Solve graphically. 


Intersection 
H=eOO.SEGGE T=1F 


According to this model, at a temperature of approximately 200.4 K the coefficient of 
thermal expansion will be 15. 
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b) Determine the temperature for C(T) = 10 and C(T) = 17. 


Intersection Intersection 
n=O? .9e2c84 Y=10 H=s0r .cb4re Y=1F 


The temperature has to increase about 307.3 — 98.0, or 209.3 K. 


Section 9.3. Page 467 Question 15 


a) Given: solution A 0.05 g/mL, solution B 0.01 g/mL, start with 200 mL of solution A 
and pour in x millilitres of solution B 
An equation for the concentration, C(x), of the solution after x millilitres have been added 


200(0.05)+0.01X 5. Coy — 10+0.01x 


is C(x) = 
200+ x 200+ x 


b) Substitute C(x) = 0.023. Solve graphically. 


Intersection 
H=4LE.SB4ee T=.0eF 


Approximately 415 mL need to be added to make a solution with a concentration of 


0.023 g/mL. 

Section 9.3. Page 467 Question 16 
Solve graphically. Graph the system of 
functions and find the points of 


intersection. 


The solution is x ~ 1.48. 


Solve algebraically. The equation has non-permissible values of —2 and 2. 
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xX 5x 
2=— +x 
x+2 x -4 
x(x — 2) —3(x* —4) =5x+ x(x° —4) 
x’ —2x—3x? +12 =5x+x?-4x 

O=x> +2x°+3x-12 
Using the factor theorem to test the possible integral factors of +1, +2, +3, +4, +6, +12, 
there is no integral factor. Graph y = x° + 2x” + 3x — 12 and determine the x-intercept. 


Zero 
H=LaPegeee Wao 
The solution is x ~ 1.48. 


Section 9.3. Page 467 Question 17 


x-18 Z 


a) 5 


x-1 
x-18<5(x-1) 
x-18<5x-5 


eat : ; feuds Te 13 
Taking into consideration the non-permissible value of x = 1, the solution is x < oy. or 


x>1. 


3. 2xtl7 
x-2  x+6 

5(x+ 6) = (x—2)(2x +17) 
5x +302 2x? +13x-34 

0> 2x? +8x-64 

0>x’>+4x-32 

0 > (x+8)(x-4) 
Taking into consideration the non-permissible values of x = 2 and x = —6, the solution is 
—8 <x<-60r2<x<4. 


b) 
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Intersection Intersection 
n= 7H n=4 | 


Section 9.3. Page 467 Question C1 


feat as 1 
Example: No, this is incorrect. For example, — = 0 has no solution. 
x 


Section 9.3. Page 467 Question C2 


Example: The extraneous root in the radical equation x = /x+6 occurs because there is 
a restriction that the radicand be positive. This same principle of restricted domain is the 


: ' 3x 6 
reason why the rational equation ‘ =X 5 has an extraneous root. Extraneous 
xX+ xX+ 


roots can be identified by comparing any solutions with the domain restrictions. 
Section 9.3. Page 467 Question C3 

Example: I prefer a combination of graphical and algebraic to solve rational equations. 
The graphical method eliminates any extraneous solutions, but may give only 


approximate answers. The algebraic method may result in extraneous solutions but can 
provide exact answers. 
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Chapter 9 Review 


Chapter 9 Review Page 468 Question 1 


a) Fory= “,a=8,h=1, and k=0. The graph of the 
xX 


1 
base function y = — must be stretched vertically by a factor of 
x 


8 and translated 1 unit to the right. The domain is 

{x |x #1,x € R} and the range is {y| y#0, y € R}. There is 
no x-intercept. The y-intercept is —8. The vertical asymptote is 
at x = | and the horizontal asymptote is at y = 0. 


b) For y= 21 a Woh: and k = 2. The graph of the 
x 


1 
base function y= — must be stretched vertically by a factor of 
x 


3 and translated 2 units up. The domain is {x |x#0,x € R} 
and the range is {y | y#2, y € R}. The x-intercept is ->. 


There is no y-intercept. The vertical asymptote is at x = 0 and 
the horizontal asymptote is at y = 2. 


c) Fory= “= 5,a=-12, h=—4, and k=—S. The graph 


of the base function y = 2 must be stretched vertically by a 
x 


factor of 12, reflected in the x-axis, and translated 4 units to 
the left and 5 units down. The domain is {x | x #-4, x € R} a fag am 


LL ot 


and the range is {y| y#—5, y € R}. The x-intercept is -=, or 


—6.4. The y-intercept is —8. The vertical asymptote is at x = -4 
and the horizontal asymptote is at y=—S. 


-----5--- 
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Chapter 9 Review Page 468 Question 2 


a) Fory= a the vertical asymptote is atx=—2, the fM=aeth+e? 
x+2 


horizontal asymptote is at y = 1, the x-intercept is 0, and 
the y-intercept is 0. 


b) For y= as = , the vertical asymptote is at x = 1, the 


horizontal asymptote is at y = 2, the x-intercept is —2.5, 
and the y-intercept is —5. 


c) Fory=— , the vertical asymptote is at x = 6, 


the horizontal asymptote is at y = —5, the x-intercept is 
—0.6, and the y-intercept is 0.5. 


Chapter 9 Review Page 468 Question 3 


a _1 _ 6 _ —4 
Characteristic f(x)= xe g(x) = (x_3) +2 | h(x) = wiaaueccae 
Non-permissible 25 2=4 a 
value 
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: As x approaches 0, | As x approaches As x approaches —6, 
Behaviour near non- 
ae ly| becomes very 3, |y| becomes very | |y| becomes very 
permissible value 
large. large. large. 
As |x| becomes As |x| becomes As |x| becomes very 
End behaviour very large, y very large, y large, y approaches 
approaches 0. approaches 2. 0. 
Domain {x |x #0, x € R} {x|x#3,x € R} {x |x#—6,x € R} 
Range fyly>OyeR} | yly>2,yeR} fy|y<0,y < R} 
Equation of vertical wG x=3 eae 
asymptote 
Equation of = = = 
horizontal asymptote yeY =e yee 


Each function has a single non-permissible value, a vertical asymptote, and a horizontal 
asymptote. The domain of each function consists of all real numbers except for a single 
value. The range of each function consists of a restricted set of the real numbers. |y| 
becomes very large for each function when the values of x approach the non-permissible 
value for the function. 


Chapter 9 Review Page 468 Question 4 


a) Let x represent the number of uniforms ordered. Let y represent the average cost per 
500+ 35x 


x 


uniform. Then, a function to model this situation is y = 


b) As the number of uniforms ordered increases, the average cost per uniform decreases. 


c) Graph y= 


eu Une Bs and y = 40, then determine the 
x 


point of intersection. 


The league needs to order 100 uniforms. 
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Chapter 9 Review Page 468 Question 5 


x? +2x 


a) The function y = can be written in factored 


. The graph has a point of 


form as y = are) 
x 


discontinuity at (0, 2), since x is a factor of both the 
numerator and the denominator. 


2 


b) The function y = x can be written in factored 
XxX — 
(x-4)(x+4) 
form as y = . The graph has a point of 
ee ee x 


discontinuity at (4, 8), since x — 4 is a factor of both the La 


numerator and the denominator. 


2 

c) The function y = eS can be written in factored form as y = Cees) : 
2x—5 2x-5 

The graph has a point of discontinuity at (2.5, 3.5), since 2x — 5 is a factor of both the 

numerator and the denominator. 


Chapter 9 Review Page 468 Question 6 


In factored form, A(x) = mea is A(x) = i . The graph has a vertical 
x° —5x+4 (x-4)(x-1) 

asymptote at x = 1, a point of discontinuity at about (4, 0.3), and no x-intercepts: 

Graph 3. 


2 
In factored form, B(x) = ae is B(x) = (x+ a +1) 
x +1 | 


asymptotes, no points of discontinuity, and x-intercepts of -4 and —1: Graph 1. 


. The graph has no vertical 


ing BRN 2 

(x+2)(x—2) 
asymptote at x = —2 and x = 2, no points of discontinuity, and an x-intercept of 1: 
Graph 2. 


In factored form, C(x) = nae is C(x) . The graph has vertical 
X — 
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Chapter 9 Review Page 469 Question 7 


a) 


V=4O000 


b) As the percent of the spill cleaned up approaches 100, the cost approaches infinity. 


c) No, it is not possible to clean up 100% of a spill. The function has a vertical 
asymptote at p = 100. 


Chapter 9 Review Page 469 Question 8 


a) The equation has a non-permissible value of 2. 


xX+ z -7=0 

x-2 
x(x -2)+4-—7(x-2)=0 
x” —9x+18=0 
(x—3)(x-6) =0 


x=3 or x=6 
By inspection, both values check. The equation has two solutions, x = 3 and x = 6. 


b) 


Gt de a eel Gt de a eel el 


The equation has two solutions, x = 3 and x = 6. 


c) The value of the function is 0 when the value of x is 3 or 6. The x-intercepts of the 
graph of the corresponding function are the same as the roots of the equation. 
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Chapter 9 Review Page 469 Question 9 


a) Graph the single function y = Le x+8 and identify the x-intercepts. 
x 


The equation has two solutions, x = —3 and x = 11. 


33 
ie 4 
x(x —-8) = 33 
x’ —8x =33 
x’ —8x—33=0 
(x-11)(x+3)=0 
x=-30rx=11 


x-8 


xX- 


b) Graph the single function y = = —x-+2 and identify the x-intercepts. 


x- 


The equation has two solutions, x = 4 and x = 6. 


x-10 
x-7 ~ 
xX—-10=(x-2)(x-7) 
x-10=x’ —9x+14 
0 =x*-10x+24 
0 =(x-6)(x-4) 
x=6orx=4 


x-2 
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c) Graph the single function y = <_ —x+3 and identify the x-intercepts. 
X+ 


x+2 
x(X+ 2) =3x-143(x+2) 
xX’ +2x =3x-14+3x+6 
x’ -4x-5=0 
(x—-5)(x +1) =0 
x=S5orx=-l 


—4x 


d) Graph the single function y = : —2x-—1 and identify the x-intercepts. 


The equation has two solutions, x = —2 and x = 4.5. 


13-—4x 
x-5 
(2x+1)(x-5) =13-4x 
2x? —9x—5 =13—4x 
2x? —5x-18=0 
(2x -—9)(x+ 2) =0 
x=4.5 orx =-2 


2x+1l= 
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Chapter 9 Review Page 469 Question 10 


a) Graph the single function y = ~_— —3 and identify the x-intercepts. 
—2x 


Zero 
nace h4eese PSO 
The equation has one solution, x ~ 2.71. 


b) Graph the single function y = =a —1.2x+3.9 and identify the x-intercepts. 
X+0. 


~—J 


Zar Zero 
n= "B.2E464E Y=0 : =u 
The equation has two solutions, x ~ —6.15 and x = 3.54. 


c) Graph the single function y = xa 


—3x-—2 and identify the x-intercepts. 
x+1 


Zero 

n= 7.864966 [v=o 

The equation has two solutions, x ~ —0.82 and x ~ 0.82. 
x’ —2x-8 


d) Graph the single function y = 5 - x+2 and identify the x-intercepts. 
X+ 


Zero 
n=<.666666r [V=0 
The equation has one solution, x ~ 2.67. 
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Chapter 9 Review Page 469 Question 11 
a) The domain is {d|-0.4<d<2.6,d eR}. 


b) As the distance along the lever increases, less mass can be lifted. 


VEL4.cH5714 


c) The function has a vertical asymptote at its non-permissible value, d = —0.4. Since this 
is outside the domain, it has no effect on this situation. 


The non-permissible value corresponds to the fulcrum point, which does not move when 
the lever is moved. As the mass gets closer to the fulcrum, it is possible to move a much 


heavier mass, but when the mass is on the fulcrum, it cannot be moved. 


d) Substitute m= 17.5. 


_ 20 
~—-d+0.4 
(73> za 
d+0.4 
17.5(d +0.4) = 20 
17.5d =13 
d =0.742... 


The lever can support a maximum possible mass of 17.5 kg at a distance of 
approximately 0.74 m from the fulcrum. 


Chapter 9 Practice Test 
Chapter 9 Practice Test Page 470 Question 1 


A vertical asymptote at x = 2 corresponds to a factor of x — 2 in the denominator of the 
rational function: choice C. 


Chapter 9 Practice Test Page 470 Question 2 


x’ —2x : x(x-2) 
>=. ¢an be written as y= 
x —5x+6 (x—2)(x-3) 
vertical asymptote at x = 3, a point of discontinuity at (2, —2), and an x-intercept of 0: 
choice D. 


The function y = . The graph will have a 
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Chapter 9 Practice Test Page 470 Question 3 


The function y = s has a vertical asymptote at x = 2. So, as x approaches 2, |y| 
xX — 


becomes very large: choice C. 


Chapter 9 Practice Test Page 470 Question 4 


The roots of 5—x = me 
2x- 


can be found by determining the x-intercepts of the graph of 


_ x+2 
2x-3 


+x—5: choice B. 


Chapter 9 Practice Test Page 470 Question 5 


_ 6x—5 
eg 
_ 6x+42—42—5 
7 X+7 
_ 6(x+7)—47 
7 X+7 
_6(X+7) 47 
ae ty, X+7 
47 
X+7 
oa) +6 
X+7 
Choice D. 


Chapter 9 Practice Test Page 470 Question 6 


x x : : 
; ,ory= , will have a vertical asymptote at 
x" —x x(x-1) 


x = 1, a point of discontinuity at (0, —-1), no intercepts. Choice C. 


The graph of the function y = 


Chapter 9 Practice Test Page 470 Question 7 


2 
—x+6 and 


Graph the single function y = 
x+1 


identify the x-intercepts. 


The equation has one solution, x = —1.2. 
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x-6= 
xt+l1 


(x—6)(x+1) =x? 
x’ -5x-6=x’ 


—5x=6 


gen! or —1.2 
5 


Chapter 9 Practice Test Page 470 Question 8 


a) Fory= 3,a=-6,h=~+4, and k =—3, The graph of the base function y = ~ is 


vertically stretched by a factor of 6, reflected in the x-axis, and translated 4 units to the 
left and 3 units down. 


b) The domain is {x | x #-4, x € R} and the range is {y | y#—3, y € R}. The vertical 
asymptote is at x = -4 and the horizontal asymptote is at y = —3.The x-intercept is —6. 
The y-intercept is 4.5. 


Chapter 9 Practice Test Page 470 Question 9 


zoe 5 and identify the x-intercepts. 
x 


Graph the single function y = 
x+3 


fero 
S7.rebedcde [=O 


The equation has two solutions, x ~—2.47 and x ~ —0.73. 
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Chapter 9 Practice Test Page 470 Question 10 


a) Simplify the function. 
_ x°-2x-8 
a 
_ (X-AY(x+2) 
x-4 
=x+2,x#4 
The graph has a point of discontinuity at (4, 6). 


b) As x approaches 4, y approaches 6. 


Chapter 9 Practice Test Page 471 Question 11 


_ 2x?+7x-4 
eee 
— (2x-1)(x+4) 
(x+4)(x—3) 
-, ax 
x3 
The graph will have a vertical asymptote at x = 3. Substituting x = -4, the graph will have 


,x#-4,3 


a point of discontinuity at [4 >) . By substituting y = 0 and x = 0, the graph will have 


an x-intercept of : and a y-intercept of : , respectively. 
Chapter 9 Practice Test Page 471 Question 12 


a) In factored form, A(x) = 


2 
cs is A(x) = <=) . The graph has no vertical 
x x 


asymptotes, a point of discontinuity at (0, —9), and an x-intercept of 9: graph D. 


2 2 


xX . 
is B(x 
5 (x) 


x 
x — (x+3)(x—3) 
asymptote at x = +3, no points of discontinuity, and an x-intercept of 0: graph A. 


b) In factored form, B(x) = 


. The graph has a vertical 


x -9 (x+3)(x—3) 
x? 


c) In factored form, C(x) = —— is C(x) = . The graph has a vertical 
x 


asymptote at x = 0, no points of discontinuity, and x-intercepts of —3 and 3: graph B. 
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d) In factored form, D(x) = 


xX 
is D(x) = . The graph has a vertical 
x’ —9x ) x(x-9) ie 


asymptote at x = 9, a point of discontinuity at (0, 0), and no x-intercepts: graph C. 


Chapter 9 Practice Test Page 471 Question 13 


In factored form, f(x) = siceae is f(x) = ies . The function g(x) = aaa 
4x° —9 (2x —3)(2x +3) 4x° +9 


cannot be factored. 


The graph of f(x) has a vertical asymptote at x = -) , since 2x + 3 is a factor of only the 


: ie 1 _ 
denominator. The graph of f(x) has a point of discontinuity at 3. *) . This is because 


2x — 3 is a factor of both the numerator and the denominator. 

Since the denominator of g(x) will never equal 0, the graph of g(x) has no vertical 
asymptotes. Since there are no factors common to the numerator and denominator, the 
graph of g(x) also has no points of discontinuity. 


Chapter 9 Practice Test Page 471 Question 14 


a) The equation has a non-permissible value of 2. 
x’ dK 3x-2 
x-2 x-2 
x’ —2(x—2) =3x-2 
x’? -2x+4=3x-2 
x’ —5x+6=0 
(x-2)(x—-3) =0 
x=2orx=3 
The solution is x = 3, since x = 2 is an extraneous root. 
Alex should have excluded the extraneous root. 


b) Graph the system of functions and find the points of intersection. 
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Intersection 

nae 
The solution is x = 3. The graphical method eliminates extraneous roots. 
Chapter 9 Practice Test Page 471 Question 15 

a) Given: 31 putts, 10 successes 


If x represents the number of putts Jennifer takes from now on and she is successful on 
half of them, then a function that represents her average putting success rate is 


re 10+0.5x . 
31+x 
, 10+0.5x ‘ ; : 
b) Graph the functions A = ica and A = 0.40 and find the point of intersection. 
+X 


Intersection 
n=c4 T=.4 

It will take 24 more putts for Jennifer to bring her average putting success rate up to her 
target. 


Chapter 9 Practice Test Page 471 Question 16 


a) The domain is {v| v>4, v € R}, since speed (and time) must be positive and v = 4 is 
a non-permissible value. 


b) As the boat’s speed increases, the total time for the round trip decreases. 
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c) As the boat’s speed approaches 4 km/h, the time it takes for a round trip approaches 
infinity. The water flows at 4 km/h. If the boat’s speed is less, the boat will never make 
the return trip, which is why there is an asymptote at x = 4. 


2 


d) The round trip will take 90 min, or 1.5 h. Graph t = “ and t = 1.5 and find the 
ye 


point of intersection. 


Intersection 
Haer.cbsr4e THLE 


The boat speed needed is approximately 27.25 km/h. 
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Chapter 10 Function Operations 
Section 10.1 Sums and Differences of Functions 
Section 10.1 Page 483 Question 1 


a) For f(x) = |x + 3| and g(x) =4, 
A(x) = fx) + g(x) 


=|x+3|+4 


b) For f(x) = 3x —5 and g(x) =-x + 2, 
A(x) =flx) + g(x) 


=3x-5+(++2) 
=3x-S5-x+2 
=2x—3 


Cc) For fix) = x° + 2x and g(x) =x +x+2, 
h(x) = fx) + g(x), 

=x +2xt+x7+x+2 

= 2x? + 3x+2 


d) For fix) =-x—5 and g(x) = (x + 3)’, 
A(x) = fix) + g(x) 
=—x-54+(x+3) 
=x-5+x7+6x+9 
=7°+5x+4 


Section 10.1 Page 483 Question 2 


a) For f(x) = 6x and g(x) =x -2, 
A(x) = fix) — gx) 

= 6x — (x — 2) 

=6x-x+2 

=5x+2 


b) For f(x) =-3x + 7 and g(x) = 3x° +x —2, 
A(x) = fix) — g(x) 
=-3x+7-(Gx° +x—2) 
=-3x+7—3x°-x+2 
=-3x°-4x+9 


c) For f(x) = 6 —x and g(x) = (x + 1)°-7, 
A(x) = fix) — g(x) 
=6=x-(@+17=7) 
=6—x—(x?+2x+1—7) 
=6—-x-x’-2x+6 
=x? 3x+ 12 
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d) For f(x) = cos x and g(x) = 4, 
h(x) = flx) — g(x) 
=cosx—4 


Section 10.1 Page 483 Question 3 


For f(x) =—6x + 1 and g(x) =’, 


a) h(x) = fix) + gx) b) m(x) = lx) — 8) | 
=-6x + 1+x° =-6x+1-x 
=x-6x+1 =~’ -6x+1 

A(2) = 2? - 6(2) +1 m(1)=—-1?—6(1) +1 

=4-12+1 =-1-6+1 
=~] =~6 

©) p(x) = gx) — fx) 
=" =(-x7r 1) 
=x +6x-1 

p(l)=1°+ 6(1)-1 

=1+6-1 


=6 
Section 10.1 Page 483 Question 4 


For f(x) = 3x7 + 2, g(x) = Vx+4, and A(x) = 4x — 2, 
a) y= (f+ g)(x) 
= fix) + g(x) 
= 37° +2+ Vx+4 
The domain of f(x) = 3x* + 2 is {x |x € R}. 
The domain of g(x) = Vx+4 is {x|x=>-4,x € R}. 
The domain of y = (f+ g)(x) consists of all values that are in both the domain of f(x) and 
the domain of g(x): {x |x=>-4,x € R}. 


b) y=(h—g)@) 
= h(x) — g(x) 
=4y=2=4/y44 
The domain of h(x) = 4x —2 is {x|x € R}. 
The domain of g(x) = Vx+4 is {x|x=>-4,x eR}. 
The domain of y = (A — g)(x) consists of all values that are in both the domain of (x) and 
the domain of g(x): {x |x =>-4,x € R}. 
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c) y=(g—h)(x) 


= g(x) — A(x) 
= V¥x+4 —(4x-2) 
= Vx+4 -4x+2 


The domain of g(x) = Vx+4 is {x|x=>-4,x eR}. 

The domain of h(x) = 4x —2 is {x|x € R}. 

The domain of y = (g — /)(x) consists of all values that are in both the domain of g(x) and 
the domain of A(x): {x |x >-4,x € R}. 


d) v=(ft h)@) 
= flx) + h(x) 
=3x°+2+4x-2 
= 3x° + 4x 
The domain of f(x) = 3x" + 2 is {x|x € R}. 
The domain of h(x) = 4x —2 is {x |x € R}. 
The domain of y = (f+ A)(x) consists of all values that are in both the domain of f(x) and 
the domain of h(x): {x |x € R}. 


Section 10.1 Page 483 Question 5 


For f(x) = 2* and g(x) = 1, 
a) y= (f+ g)(x) 
= fix) + gx) 
=2*+1 
The domain of f(x) = 2" is {x |x € R}. 
The domain of g(x) = 1 is {x |x € R}. 
The domain of y = (f+ g)(x) consists of all values that are in 
both the domain of f(x) and the domain of g(x): {x |x € R}. 


The range of y = (f+ g)(x) is {y|v>1,y € R}. 


b) v=(f-g)@) 
a . g(x) 


The domain of f(x) = 2" is {x |x € R}. 
The domain of g(x) = 1 is {x |x € R}. 
The domain of y = (f— g)(x) consists of all values that are in 
both the domain of f(x) and the domain of g(x): {x |x € R}. 


The range of y = (f— g)(x) is {y|y>-l, y € R}. 
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ce) y=(g—A) 
= g(x) —flx) 
=]-2' 
The domain of g(x) = 1 is {x |x € R}. 
The domain of f(x) = 2” is {x | x € R}. 
The domain of y = (g — f)(x) consists of all values that are in 
both the domain of f(x) and the domain of g(x): {x |x € R}. 


The range of y= (g—f)(x) is {y|y<l,y € R}. 


Section 10.1 Page 483 Question 6 

a) From the graph, f(4) = 5 and g(4) = 3 and. So, (f+ g)(4)=5+3 =8. 
b) From the graph, (4) = 5 and g(-4) = 1. So, (f+ g)(-4) =5+1=6. 
c) From the graph, f—5) = 7 and g(—5) = 0. So, (f+ g)(-5) =7+0=7. 


d) From the graph, f(—6) = 9 and g(—6) does not exist. So, (f+ g)(—6) is not in the 
domain. 


Section 10.1 Page 484 Question 7 


First, determine the equations of the functions in the graph as f(x) = (x — 2) —5 and 
g(x) =-0.5x" + 3. 
a) y= (f+ g)(x) 

= fix) + g(x) 

= (x — 2) —5 + (-0.5x" + 3) 

=x? 4x+4-5-0.5x° +3 

= 0.5x7 4x +2 
By completing the square, the function in vertex form is y = 0.5(x — 4)” — 6, where 
a= 0.5, h =4, and k =-6. The graph of this parabola has vertex at (4, —-6) and has been 
vertically stretched by a factor of 0.5: graph B. 


b) y=(f-g)(@) 
= f(x) + g(x) 
= (2 =5 — 0.5 +3) 
=x’—44+4-5+0.5x"-3 
= 1.5x?-4x—4 


4 
3 


2 
By completing the square, the function in vertex form is y = s(x ) = , where 


i ; , and k= = . The graph of this parabola has vertex at (<. -2) and has 


a= 


N | Ww 


been vertically stretched by a factor of : : graph C. 
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c) y= (g—f/\(x) 
= 9(x) + fix) 
=-0.5x7 +3 -((x- 2) —5) 
=-0.5x° +3 —(x° 4x + 4-5) 
=-0.5x°+3-x° + 4x41 
=-15x°+4x+4 
4 


2 
By completing the square, the function in vertex form is y = 6 7 <) + = , where 


7 A= ,and k= = . The graph of this parabola has vertex at (S. 2 and has 


been vertically stretched by a factor of - and reflected in the x-axis: graph A. 


Section 10.1 Page 484 Question 8 


a) First, determine the equations of the functions in the graph as f(x) = 1.5x + 3 and 


g(x) =-0.5x — 2. 

iy =(ft ga) ii) y= (f— g)Q) iii) v = (g — f(x) 
=f(x) + g(x) = f(x) — g(x) = g(x) -—f) 
= 1.5x+3+(-0.5x—2) = 1.5x+ 3—(0.5x—2) =—0.5x —2 —(1.5x + 3) 
=x+1 =2x+5 =-2x-—5 


b) First, determine the equations of the functions in the graph as f(x) = 2x and 
g(x) =—[x| + 5. 


Dy= (+ g)(x) ii) v= f—g)Q) iii) y = (g—\) 
= fix) + g(x) = f(x) — g(x) = g(x) — fix) 
= 2x + ({x| + 5) = 2x —(-x| + 5) =—|x| + 5 —2x 
= 2x — |x| +5 =2x+ |x|-—5 


MRR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 10 Page 5 of 52 


Section 10.1 Page 484 Question 9 


For f(x) = 3x° +2, g(x) = 4x, and h(x) = 7x — 1, 


a) y= fix) + g(x) + he) b) vy=flx) + gx) — he) 
=3x°+2+4x+7x—1 = 3x°+2+ 4x -(7x-1) 
=3x°+1lxt+1 = 3x7 3x43 

c) y fe) — g(x) + A(x) d) y=flx) — g(x) — A(x) 

=3x +2 Ax +7x-1 = 3x7 +2-—4x—(7x-1) 
=3x7+3x41 = 3x°-1lx+3 


Section 10.1 Page 484 Question 10 


A(x) = (f+ g)x) 
A(x) =flx) + ga) 
g(x) = h(x) — fix) 
a) Substitute h(x) =x? + 5x +2 and ftx) = 5x42. 
g(x) = A(x) — fx) 
=x) + Sx +2—(Sx+2) 
=x 


b) Substitute h(x) = Vx+7+5x +2 and f(x) = 5x +2. 
g(x) = A(x) — fx) 
= V¥x+7 +5x+2-(5x+2) 


x+7 


c) Substitute A(x) = 2x + 3 and f(x) = 5x + 2. 
g(x) = A(x) — fx) 

=2x+3-(5x+2) 

==30r 


d) Substitute A(x) = 3x° + 4x —2 and f(x) = 5x +2. 
g(x) = A(x) — fx) 

= 3x° + 4x —2—(5x +2) 

hr 3-4 
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Section 10.1 Page 484 Question 11 


h(x) = (f— g)(x) 
h(x) = flx) — gx) 
a(x) = flx) — h(x) 
a) Substitute h(x) = x? + 5x +3 and K(x) = 5x4 2. 
g(x) = flx) — h(x) 
=Sx+2—(a'° + 5x +3) 
=x" -] 


b) Substitute h(x) = Vx—4 +5x +2 and f(x) = 5x +2. 
B(x) = fx) — h(x) 
=Sn7 2—(Ve—4 3a 2) 


=a ped 


c) Substitute A(x) =—3x + 11 and f(x) = 5x + 2. 
g(x) = fix) — h(x) 

=5x+2-(-3x+11) 

=8x-9 


d) Substitute A(x) =—2x* + 16x + 8 and f(x) = 5x + 2. 
g(x) = fix) — h(x) 

= 5x+2—(-2x*+ 16x + 8) 

=27 =1ix=6 


Section 10.1 Page 485 Question 12 


The points of intersection represent where the supply 
equals the demand. The intersection point in quadrant III 
should not be considered since the price cannot be 
negative. 


b) Substitute S(p) = p + 4 and D(p) =—0.1(p + 8)(p — 10). 
y= Sip) - Dip) 

=p+4—(-0.1p + 8)(p — 10) 

=p+4+0.1(p — 2p — 80) 

=p+4+0.1p’—0.2p-8 

=0.1p?+0.8p—4 
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This function models the excess supply as a function of 
cost. 


Section 10.1 Page 485 Question 13 


a) The total cost is represented by C(m) = 135 + 1.25n. 
The total revenue is represented by R(n) = 3.5n. 


b) and c) 
The break-even point is (60, 210). When 60 hamburgers 
are sold, the cost equals the revenue, $210. 


d) Profit can be represented by a difference function: 
P(n) = R(n) — C(n) 

= 3.5n— (135 + 1.25n) 

= 2.25n— 135 


V=E40 


e) Substitute = 300, the maximum number of hamburgers that can be sold in a day. 
P(n) = 2.25n — 135 

P(300) = 2.25(300) — 135 

P(300) = 675 — 135 

P(300) = 540 

The maximum daily profit the vendor can earn is $540. 
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Section 10.1 Page 485 Question 14 


a) 


o(x) = 3sin x 
fias sinx 


b) Add the y-values at each x-value and draw a smooth curve through the points. 


c) The maximum height of the resultant wave is 4 cm. 


Section 10.1 Page 485 Question 15 


b) The maximum values of one function are located at the same x-coordinates as the 
minimum values of the other function, and vice versa. This will result in destructive 
interference. 


c) p= EQ) +R) q=10sin4B0 T+ Asin doo 
= 10 sin 480nt + 8 sin 480x(t — 0.002) 
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Section 10.1 Page 486 Question 16 


c) The domain of Vac(t) + Vpc(t) is {t| t € R} and the range is {V|5<V<25,V eR}. 


d) i) The minimum value of the voltage signal is 5 V. 
ii) The maximum value of the voltage signal is 25 V. 


Section 10.1 Page 486 Question 17 


h(t) = d(t) — d2(t) 
= 10° -5(t+2) 
=10f —5(° + 4t+ 4) 
= 10° —5r —20t— 20 
= 10° — 20t—20 


Section 10.1 Page 486 Question 18 


a) 
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b) My prediction is that the shape of h(x) = f(x) + g(x) will be a sinusoidal function on a 
diagonal according to y = x. 
Graph y = sin x + x: 


Section 10.1 Page 486 Question 19 


a) A function representing the skier’s distance, d, from the base of the hill versus time, ¢, 
in seconds, is d = 200 —t. 


b) Ifthe height, m, of the skier through the moguls is m(t) = 0.75 sin 1.26¢, then a 
function that represents the skier’s actual path of height versus time is 
h(t) = 200 —t + 0.75 sin 1.26¢. 


AMln=1Sh 
aha = AR 
ascl=18 


Vmin= 72 
Vmax=aeo 
Wecl=5 
ares =1 


Section 10.1 Page 487 Question 20 


Example: Replace all x with —x and then simplify. If the new function is equal to the 
original, then it is even. If it is equal to —1 times the original, then it is odd. If it is neither 
equal to the original nor equal to —1 times the original, then it is neither. 
Let fx) = |x + 1], g(x) =x? + 2x + 1, and A(x) = 2° - 1. 
Check A(x) = f(x) + g(x). 
K(x) = fla) + gr), 

=lee 1] +a 2x + I 
k(x) = |x + 1+ Gx) +20) +1 

=|x+1)+x?-2xt1 

Since k(—x) # k(x) and k(—x) # —k(x), it is neither even nor odd. 
Check A(x) = f(x) + A(x). 
k(x) = fla) + hx) 

=|x+1)/+2*-1 
kx) =] + 1)+2°%-1 
Since k(—x) # k(x) and k(—x) # -A(x), it is neither even nor odd. 
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Check A(x) = g(x) + h(x). 
K(x) = g(x) + h(x) 
=7+2x+1+2*-1 
=x? +2x+2" 
k(—x) = (-x)* + 2(-x) + 2* 
=x’ -2x+27 
Since k(—x) # k(x) and k(—x) # A(x), it is neither even nor odd. 


Section 10.1 Page 487 Question 21 


The graph shows the sum of an exponential function and a constant function. 
For example, f(x) = 0.5° and g(x) = 4. 


THEO. ney 


Section 10.1 Page 487 Question 22 


a) The domain of f(x) = x° — 9 is {x |x € R} and the range is {y | y>-9, y € R}. 
The domain of g(x) = a is {x |x #0, x € R} and the range is {y| v#0,y € R}. 
x 


b) A(x) = flx) + g@) 
=x7-9+ 2 
Bs 


c) The domain of h(x) is {x |x #0, x € R} 
and the range is {y| y#0,y € R}. 
The domain and range of f(x) are different 
from the domain and range of h(x). 


The domain and range of g(x) are the same as 
that of h(x). 


Section 10.1 Page 487 Question C1 
a) fix) + g(x) = g(x) + f(x) is true for all functions because addition is commutative. 
b) (f— g)(x) = (g —/)(x) is not true for all functions because subtraction is not 


commutative. 
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Section 10.1 Page 487 Question C2 


a) For y; =x° and y) = 4, y3 is the sum of the functions 
given for y; and y. 
Y3 Vit y2 

=x +4 


b) The domain of y3 is {x | x € R} and the range is 
ly € Rj. 


Section 10.1 Page 487 Question C3 


Step 1: 


The graph exhibits sinusoidal features in its shape and 
the fact that it is periodic. 


Step 2: The graph exhibits exponential features in that it is decreasing and approaching 
y=0. 


Step 3: Use technology to graph the function / = 100 cos (kt), where k is a constant. Test 
values of & until the crests and troughs of the function occur at the same times as for the 
scatter plot in step 1. Using a = 100 allows you to see both graphs on the screen the 
relationship between their periods. 

VI=L00ces(o SEH 

So, a cosine function that has the same period 
as the scatter plot in step 1 is A = cos 0.35z. 


Y=99. 985864 


Step 4: Use technology to graph the function A = 100(0.5)", where kis a constant. Test 
values of k until the exponential curve just touches each crest of the scatter plot in step 1. 
TI=L0000 Fate 


So, an exponential function that models the 
: decay in the amplitude of the scatter plot in 
: ie 7 step 1 is h = 100(0.5)°°". 
Bef 


Y=Os.CHBbrS 
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Step 5: Try various operations with the two functions: addition, subtraction, 
multiplication, and division. 
TIE cast g SERIO Se 


So, a combined function that models the 
height-time relationship of the bungee jumper 
is h = (cos 0.35#)(100(0.5)°°”) or 

h = (100 cos 0.354)((0.5)°°"). 


T=s.CH1098 


Step 6: Change the window settings to extend the horizontal axis and determine the 
maximum value of the fourth crest. 


Haxinum 

HGS EPSer = PHLE Sy ee ee 

The bungee jumper will be approximately 15.5 m above the rest position at his fourth 
crest. 


Section 10.2 Products and Quotients of Functions 
Section 10.2 Page 496 Question 1 


a) For f(x) =x +7 and g(x) =x—-7, 


A(x) = flx)g) 
a+ Nx) He) a 
=x°— 49 
me = x+7 £24 
es 
b) For f(x) = 2x — 1 and g(x) = 3x +4, 
A(x) =fix)g(x) kx) <1 © 
= 6512s) lars 
= 6x° + 5x-4 | i 
3x+4° 3 
c) For fix) = Vx+5 and g(x) =x +2, 
h(x) = fx)g(x) te) -L) 
=(Vx+5 )\(x + 2) 2(x) 
= xVxX4t54+2Vx4+5 _ wees 
ae ,x>-5,xF#-2 
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d) For f(x) = Vx-1 and g(x) = V6-x, 


(x) = x)ger) eee) 
=(vx—-1)(v6—-x) g(x) 
= Vx7+7x-6 _ vx-—1 iaxey 
V6-x 


Section 10.2 Page 496 Question 2 


a) From the graph, f(—2) = 3 and g(—2) =-1. So, (f* g)(-2) = 3-1) =-3. 


b) From the graph, f(1) = 0 and g(1) = 2. So, (f* g)\(1) = 0(2) = 0. 
: E [<) = 
c) From the graph, (0) =—1 and g(0) = 1. So, | — | (0) = i =-]. 
§ 
: 7 (4) a0. 
d) From the graph, f(1) = 0 and g(1) =2. So, | — |(1) = : =0. 
§ 


Section 10.2 Page 496 Question 3 


First, determine the equations of the functions in the 
graph as f(x) = 5 and g(x) =x +3. 
a) h(x) = fix)g(x) 

= 5x + 3) 

=3x+15 


Aix) |= Foxy) 


eo nee ey 
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Section 10.2 Page 496 Question 4 


a) For f(x) =x° + 5x +6 and g(x) =x +2, 
A(x) = (f* g)(x) 
= flx)g(x) 
= (x° + 5x + 6)(x + 2) 
=x + 2x? + 5x°+ 10x + 6x + 12 
=x + 7x? + 16x +12 
The function f(x) =x° + 5x + 6 is quadratic with 
domain {x |x € R}. 
The function g(x) = x + 2 is linear with domain 
{x |x ER}. 
The domain of h(x) = (f* g)(x) consists of all values 
that are in both the domain of f(x) and the domain of g(x): {x | x € R}. The range of h(x) 


is {y|y € R}. 


b) For f(x) =x —3 and g(x) = x ~9, 
A(x) = (f° g)@) 


| ae, | eee 
TREX H7XT TOK HT 


= fix)g(x) 

=—-00'-9) 

=x — 3x? — 9x +27 
The function f(x) = x — 3 is linear with domain 
{x|x eR}. 
The function g(x) = x’ —9is quadratic with domain 
ia | ae R} 


The domain of h(x) = (f* g)(x) consists of all values 
that are in both the domain of f(x) and the domain of 
g(x): {x |x © R}. The range of A(x) is {y | y € R}. 


c) For f(x) = a and g(x) at : 
x+1 x 
A(x) = (f* g)(x) 


= fix)g) 
ai (=| 
ed ee 4 
_ il 
x +x 
The function f(x) = = has domain 
x+1 


{x|x#-l,x eR}. 


The function g(x) = Es has domain 
. 


x|x#0,x € R}. 
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The domain of h(x) = (f* g)(x) consists of all values that are in both the domain of f(x) 
and the domain of g(x): {x |x #—1, 0,x € R}. The range of A(x) is 
{y|y<—-4ory>0,ye R}. 


Section 10.2 Page 496 Question 5 


a) For f(x) =x° + 5x +6 and g(x) =x +2, 
n(x) = (4) (x) 
§ 

_ J) 
g(x) 
_ xe +5x4+6 
7 x+2 
_ (*+2)(x+3) 


x+2 
=x+3,x#-2 — — 
The function f(x) =x" + 5x + 6 is quadratic with domain {x |x € R}. 
The function g(x) =x + 2 is linear with domain {x |x € R}. 


The domain of h(x) = (<) (x) consists of all values that are in both the domain of f(x) 
& 


and the domain of g(x), excluding values of x where g(x) = 0: {x |x #-2,x € R}. The 
range of h(x) is {y| vy#1,y € R}. 


b) For f(x) =x —3 and g(x) = 0. 


h(x) = (£) (x) 
g 


2) 
g(x) 
a 
x -9 
_ ~=3 
(x-—3)(x+3) 
1 
x+3 
The function f(x) = x — 3 is linear with domain {x |x € R}. 
The function g(x) = x -—9is quadratic with domain {x |x € R}. 


The domain of h(x) = [<) (x) consists of all values that are in both the domain of f(x) 
§ 


,xF#-3,3 


and the domain of g(x), excluding values of x where g(x) = 0: {x |x #-3, 3, x e€ R}. The 
range of h(x) is {vy | y #0, =) eR}. 
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c) For f(x) = — and g(x) = 
x+1 x 


h(x) = (<) (x) 
g 


The function f(x) = — has domain {x |x #-l,x € R}. 
x+ 

The function g(x) = = has domain {x |x #0,x € R}. 
x 


The domain of h(x) = (<) (x) consists of all values that are in both the domain of f(x) 
& 


and the domain of g(x), excluding values of x where g(x) = 0: {x |x #-1,0,x e R}. The 
range of h(x) is {y| vy #0, l,y € R}. 


Section 10.2 Page 496 Question 6 


For f(x) =x + 2, g(x) =x —3, and h(x) =x +4, 


a) y= fix)g(x)h(x) b) y= f (x)g(x) 
= (+ 2) 3) + 4) he) 
= ae s 6x —24 2 GAG) 
=x° + 3x" — 10x —24 x+4 
ae S68 Pee, 
xt+4 0 
_ f(x) t+g(x) _ SQ), s@) 
Oe OP TEs TGs 
ieee (5 
x+4 — x44 x44 
2x-1 2 
= x#—4 _* —x-6 
x+4 Pie 
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Section 10.2 Page 496 Question 7 


A(x) =flx)g(x) 
— A) 
g(x) 7@) 
a) Substitute h(x) = 6x + 15 and f(x) = 2x+ 5. 
h(x) 
f(x) 
_ 6x4+15 
2x+5 
_ 3(2x+5) 
2x+5 
=3 


(x)= 


b) Substitute A(x) = —2x? — 5x and fix) = 2x +5. 
A(x) 
f(x) 
aay ae 

2x+5 
_ —x(2x+5) 

2x+5 

=-—x 


a(x) = 


c) Substitute h(x) = 2xVx+5Vx and fix) =2x+ 5. 
g(x) = 2) 
f (x) 
_ 2xVx +5vx 
2x+5 
_ vx(2x+5) 
2x4+5 


d) Substitute A(x) = 10x* + 13x — 30 and f(x) = 2x +5. 
h(x) 
f(x) 
_ 10x? +13x—30 
2x+5 
_ Gx-6)(2x+5) 
2x4+5 
= 5x-6 


e(x)= 
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Section 10.2 Page 496 Question 8 


_ f(x) _ f(x) 
h(x) we and, therefore, g(x) ix) 
 Sieteh=——— ahaa esi 
x+7 
f(x) 
h(x) 
3x-1 
| 
x+7 
=x+7 


g(x)= 


3x-1 
and f(x) =3x—- 1. 
Vx+6 Ae) 


b) Substitute A(x) = 


c) Substitute A(x) = 1.5x — 0.5 and f(x) = 3x- 1. 
g(x) -L2 
A(x) 

al 

~-1.5x-0.5 

.. seal 

~ 0.53x—1) 

=2 


d) Substitute h(x) = 


f(x) 
Se 
3x-1 
ee | 
x49 
= (3x -1)(x+9) 
= 3x" +26x-9 


— and f(x) = 3x-1. 
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Section 10.2 Page 496 Question 9 


For f(x) = 2x + 5, the domain is {x | x € R} and range is 


ty|y € R}. 
For g(x) = cos x, the domain is {x | x € R} and range is 


{fy|-l<y<l,y €R}. 


b) y=f)g@x) 
= (2x + 5)(cos x) 


For y = f(x)g(x), the domain is {x | x € R} and range is 
wily e Ry. 


Section 10.2 Page 496 Question 10 


a) Substitute f(x) = tan x and g(x) = cos x. 


y= [<) (x) 
& 


_ tanx 


COS X 


The domain is {xlx#Qn-D3,nehxeR} and the 
range is {y|y € R}. 


b) Substitute f(x) = cos x and g(x) = 0.8". 


The domain is {x |x € R} and the range is {y | y € R}. 
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Section 10.2 Page 497 Question 11 


aa — b) 1 —cos* x = sin’ x 
cosx 
_ f(x) i (sin x)(sin x) 
2(x) = fixyfix) 


c) The graphs of y= ae 
COS x 


and y = tan x appear to be the same. The graphs of 


y= 1 -cos’ x and y = sin’ x appear to be the same. 


Section 10.2 Page 497 Question 12 


Both graphs are increasing over time. However, the 
graph of P(t) increases more rapidly and overtakes the 
graph of F(Z). 


b) y= at 
P(t) 
— 8+0.04t 
6(1.03)' 
Example: 


VEL .0417315 
Values of ¢ that are less than 0 should not be considered. Time cannot be negative. 
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c) From the graph, the amount of food per fish is a maximum at ¢ = 0. 


d) The fish farm will no longer be 


viable when ao) mal, 
P(t) 
Graph y = ones and y = | and find —— 


6(1.03)' 
the point of intersection. 


Intersection 
H=Li.e47529 Y=1 


This occurs in about 11.6 years. 


Section 10.2 Page 497 Question 13 


a) Substitute fix) = V36—x° and 
g(x) =sin x. 
y=(F* g)@) 

= fix)g(x) 

= /36—x° (sin x) 


b) The domain of f(x) = V36—x7 is {x|-6<x<6,x eR}. 

The domain for g(x) = sin x is {x | x € R}. 

Then, for y = ¥36—x’ (sin x), the domain is {x |-6 <x <6, x € R}. 
From the graph, the range is about {y |—-5.8 <y <5.8,y € R}. 


c) Substitute f(x) = V36—x° and 


Taf se-n2dsintn 


g(x) =sin x. 
y= [<) (x) 
& 
_ f(x) 
g(x) 
_ v36-x 
sin x 
_ V¥36-x7 oh . 
For y= sin , the domain is {x |-6 <x <6,x#nm,n € I,x € R} and the range is 
tyly eR}. 
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d) Substitute (x) = ¥36—x° and 4} 1.1 > *Unsaved i x! 


g(x) =sin x. 
(Fo 
_ g(x) 

f(x) 


sin x 
2, 
36-x 


For y= tea domain is {x |-6 <x < 6, x € R} and the range is {y | y € R}. 
<2 


The domain in part d) is restricted to —-6 < x < 6 but has no non-permissible values. In 


part c), the domain is restricted to —6 < x < 6 with non-permissible values. The ranges in 
parts c) and d) are the same. 


Section 10.2 Page 497 Question 14 


a) and b) 
d(t) = (A sin kt) x 0.4 

= Ads) | 
Then, f(t) = A sin kt and g(t) = 0.4". 


Section 10.2 Page 498 Question 15 


a) Substitute f(x) = 

y=fix)g) 

a sin (6x — 1) 
x +1 


2 


5 and g(x) = sin (6x — 1). 
x +1 


Graph f(x) = 


and 


== 


x +1’ x +1? 


2 : 
kar sin (6x — 1). 
x +1 


The graph of y = f(x)g(x) oscillates between the graphs of f(x) and —f(x). 
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b) Substitute f(x) = cos x and g(x) = sin (6x — 1). 
y =fix)g@) 
= cos x sin (6x — 1) 
Graph f(x) = cos x, —f(x) =— cos x, and y = cos x sin (6x — 1). 


Yes. The graph of y = f(x)g(x) oscillates between the graphs of f(x) and —f(x). 
Section 10.2 Page 498 Question 16 


The price per tonne can be modelled by 
se P(x) 


VWHLetnted tnt 


_ 12(x4+2) WHLZ.ES5254 


x+1 
The price per tonne decreases as the number of tonnes increases. 


Section 10.2 Page 498 Question 17 


Given that the length of the rectangle is 2x, first determine an 
expression for the width of the rectangle. 


Use the Pythagorean theorem to find that y= Vr? — x? . 
Then, the area of the rectangle can be modelled by 


A=2x(2Vr’?-x’ ) ord =4xVr? —x° . 


Section 10.2 Page 498 Question C1 


Yes; multiplication is commutative. For example, let f(x) = 6x and g(x) =x-2. 


Kx)g(x) = 6x(x — 2) a(x)flx) = (x — 2)6x 
= 6x" — 12x = 6x" — 12x 


Sage) = gfx) 
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Section 10.2 Page 498 Question C2 


Example: Multiplication of functions generally increases the domain, although this is not 
always true. Quotients of functions generally produce asymptotes and points of 
discontinuity, which restricts the domain, although this is not always true. 


Section 10.2 Page 498 Question C3 


a) A(x) = (2x —3)(2x —3) 
= 4x? — 12x +9 


b) 
In this context, the domain is {x | x > 1.5, x € R} and the 
range is {A4|A4>0,4 € R}. 


c) Substitute Vix) = 4x? + 4x? — 39x + 36 and A(x) = 4x7 — 12x + 9, 
(a2 
A(x) 
_ 4x? +4x° -39x + 36 
Ax? 12x49 
_ (2x-3)' (x+4) 
— (2x-3y 


ee ere 
2 


This represents the height of the box. 


d) 
We ade eet ed Be 


In this context, the domain is {x | x > 1.5, x e R} and 
the range is {h|h>5.5,h € R}. 
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Section 10.3 Composite Functions 


Section 10.3 Page 507 


Question 1 


Given: f(2) = 3, A3) = 4, A5) = 0, 2(2) = 5, g(3) = 2, and g(4) =-1 


a) Substitute 2(3) = 2. 
Ag(3)) — 


c) Substitute f(2) = 3. 
g(K2)) = A 


Section 10.3 Page 507 


Question 2 


b) Substitute g(2) = 5. 
fig(2)) Eh 


d) Substitute f(3) = 4. 
g(A3)) = eg 


a) From the graph, g(-4) = 0 and (0) = 2. So, fg(-4)) = 2. 


b) From the graph, g(0) =—4 and f{(-4) = 2. So, f(g(0)) = 2. 


c) From the graph, f(—2) = 0 and g(0) = +4. So, g(f(-2)) = 4. 


d) From the graph, f(—3) = 1 and g(1) =—S. So, g(f{(-3)) =-5. 


Section 10.3 Page 507 


Given: f(x) = 2x + 8 and g(x) = 3x —2 
a) Determine g(1). 
g(x) = 3x-2 
gh) =3(D)—2 
a(1)=1 
Substitute g(1) = 1 into f(x). 
fle) =f) 
=2(1)+8 
= 10 


c) Determine /(-4). 
fix) =2x+8 
fUC4) = 2-4) +8 
AH 8 
Substitute (4) = 0 into g(x). 
a(f-4)) = g(0) 
= 3(0) — 


=-2 


2 
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Question 3 


b) Determine g(—2). 
g(x) =3x-2 
g(-2) = 3(-2) -2 
g(-2) =-8 
Substitute g(—2) = —8 into f(x). 
fig(-2)) =f-8) 
= 2(-8) + 8 
=-8 


d) Determine /(1). 
Kx) =2x+8 
fl) =2(1) +8 
fll) = 10 
Substitute f(1) = 10 into g(x). 
a(ft1)) = (10) 
= 3(10) -2 
= 28 
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Section 10.3 Page 507 Question 4 


Given: f(x) = 3x + 4 and g(x) = yd 


a) Determine g(a). b) Determine f(a). 
g(x) =x-1 fx) =3x+4 
g(a)=a’-1 fla) =3(a)+4 
Substitute g(a) = a —1 into Kix). fla) =3a+4 
fig(a)) = fla’ — 1) Substitute f(a) = 3a + 4 into g(x). 
=3(a¢-1)+4 g(fa)) = g(3a + 4) 
=3a°+1 =(3a+4)-1 
=9q" + 24a + 15 
c) fig(x)) =fer = 1) d) 9(f(x)) = g(3x + 4) 
=3Q7-1)+4 =(3x+ 4-1 
=3x° +1 = 9x? + 24x + 15 
e) fAx)) = fGBx + 4) f) (g(x) = g(x" -) 
=3(3x+4)+4 =@-1y-1 
=9x+ 16 =x 2° 


Section 10.3 Page 507 Question 5 


a) For f(x) = x’ +x and g(x) = +x, 


Aig(x)) = fxr + x) a(flx)) = a" +x) 
=(x° +x txr+x =(c° +x +x ve 
=x +2P 474x742 =x'+2 tx +27 +x 
=x4 42° +2? +x =x' +2 +20 +x 


b) For f(x) = Vx? 42 and g(x) = x, 

Aig(x)) = for) e(fix)) = g(x" +2) 
= ory +2 =(vx° +2) 
= ere) =x7+2 


c) For f(x) = |x| and g(x) =x’, 


Ags) = fe) (fx) = g(x) 
=e = hf 
=x = 


Section 10.3 Page 507 Question 6 


a) For f(x) = vx and g(x) =x-1, 
y= fig) 
=flx—- 1) 
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The domain is {x | x > 1, x € R} and the range is 
{y|y20,y eR}. 


b) For f(x) = Vx and g(x) =x- 1, 
y= g(fx)) 
= g(x ) 
=x — 1 
The domain is {x | x > 0, x € R} and the range is 
{y|y>—-l,y © R}. 


Section 10.3 Page 507 Question 7 


A(x) = (f° g)(x) 
= fig(x)) 
a) For h(x) = (2x —5)° and f(x) =x’, 
h(x) = fg) 
= g(x) 
=(Oy=5) 
Therefore, g(x) = 2x —5. 


b) For h(x) = (5x + 1)? — (5x + 1) and fix) =x? — x, 
A(x) = Als) 
= g(x) — g(x) 
= (5x + 1)’ — (5x + 1) 
Therefore, g(x) =5x + 1. 
Section 10.3 Page 507 Question 8 
Christine’s work is correct. Ron forgot to substitute x° + 2 for all xs in the first step. 


Section 10.3 Page 507 Question 9 


For j(x) =x° and k(x) = x, 


(j(x)) = Kx) HKG) = kOe), 
=@) = («) 
=X =X 


So, k(j(x)) =7(A(x)) for all values of x. 
Section 10.3 Page 507 Question 10 


For s(x) =x° + 1 and «(x) =x -3, 


s(t(x)) = s(x — 3) t(s(x)) = t0° + 1) 
=(x-3/ +1 =x°+1-3 
=x’ -6x+ 10 =x -2 


So, s(¢(x)) # t(s(x)) for all values of x. 
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Section 10.3 Page 507 Question 11 


a) Substitute C(t) = 100 + 35+. 
WC) = 3VC 
W(C(2)) = 3V100+4 35t 


b) In this context, the domain is {t| t>0,¢ € R} and the range is {W| W>30, We W}. 
Section 10.3 Page 508 Question 12 
a) The function, s(p), that relates the regular price, p, to the sale price, s, is s(p) = 0.75p. 


b) The function, ¢(s), that relates the sale price, s, to the total cost including taxes, f, is 
t(s) = 1.05s. 


c) A composite function that expresses the total cost in terms of the regular price is 
t(s(p)) = 1(0.75p) 

= 1.05(0.75p) 

= 0.7875p 
Substitute p = 89.99. 

t(s(p)) = 0.7875p 

t(s(89.99)) = 0.7875(89.99) 
t(s(89.99)) = 70.867... 
Tobias paid $70.87 for the jacket. 


Section 10.3 Page 508 Question 13 


a) The function, g(d), that relates the distance, d, in kilometres, driven to the quantity, g, 
in litres, of gasoline used is g(d) = 0.06d. 


b) The function, c(g), that relates the quantity, g, in litres, of gasoline used to the average 
cost, c, in dollars, of a litre of gasoline is c(g) = 1.23g. 


c) The composite function that expresses the cost of gasoline in terms of the distance 
driven is 
c(g(d)) = c(0.06d) 
= 1.23(0.06d) 
= 0.0738d 
Substitute d= 200. 
c(g(d)) = 0.0738d 
c(g(200)) = 0.0738(200) 
c(2(200)) = 14.76 
It would cost Jordan $14.76 to drive her car 200 km. 
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d) F rt a), d ear ttb — 
) From part a), d(g) co ), (c) = 123" 


The composite function i expresses the distance driven in terms of the cost of gasoline 


iS 


d(g(c)) = (75) 


0.0738 
Substitute c = 40. 
Cc 
d — ay 
(O)~ 00738 


d(e(40)) = —_— 


d(g(40)) = 542.00S.. 
Jordan could drive aitvautt 542 km on $40. 


Section 10.3 Page 508 Question 14 


For fix) = 3x, g(x) =x —7, and A(x) =x’, 
a) (fo g°hy(x)=(f°(g° Ay) 
First, determine (g ° h)(x). 
(g° A)(x) = a(x) 

=x -7 
Then, 
(fo g° hx) = (F2 (g° We) 

=f -7) 


b) For B(Ah()), first, determine f(/(x)). 
KA(x)) = flor ) 
= 35 
Then, 
g(Kh(x)) = =e ) 
oy = 7 


c) For f(A(g(x)), first, determine A(g(x)). 
(e(x)) = h(x ~7) 
=(—7) 
=x°— 14x +49 
Then, 
Aa(g(X)) = fo? — 14x + 49) 
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= 3(x° — 14x + 49) 
= 3x? — 42x + 147 


d) (he gef\x)=(he (g°f)@) 
First, determine (g ° /)(x). 


(g ° fx) = gQ) 


=3x-7 

Then, 

(hegef\x)=(he (ge fx) 
= h(3x —7) 
=(Ge-7) 
= 9x° — 42x + 49 


Section 10.3 Page 508 Question 15 


a) The equation of the rider’s height in terms of time is 


A(@(t)) = (=) 


= 20 sin bd +22 
[3 


For A(8) = 20 sin 8 + 22, b = 1. So, the period is 27. 
For h(0(2)) = 20 sin x +92, b= = So, the period is om or 30. 


ies 
The period of the composite function is much greater. 


Section 10.3 Page 508 Question 16 


a) The equation of the concentration of pollutant as a function of time is 


C(P(t)) = c[ 12507") 
=1.15 [12a + 53.12 


= 14.375(2)!° + 53.12 
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b) Substitute C= 100. 
C(P(t)) = 14.375 (2) + 53.12 


100 = 14.3752)! + 53.12 


46.88 = 14.375 (2) 


46.88 = (2)! 
14.375 
This can be solved algebraically or graphically. 
46.88 re 
log ——— = log2"° 
© 14.375 
. 46.88 — t 
14.375 10 
10 46.88 
log =t 
log2 ~ 14.375 Intersection 


mal Ob4ide T=F.c61e104 


f= V7 094 
It will take approximately 17.1 years for the concentration to be over 100 ppm. 


Section 10.3 Page 509 Question 17 


a) Example: Let g(x) =x°. Then, work backward. 
h(x) = 2x" -1 

flela)) = 2g(x) 1 
Six) = 2x-1 


b) Example: Let g(x) = x°. Then, work backward. 
A(x) = 


3=-x% 


_ 2 
Ag) = er 


2 


Ax) = 3-x 


c) Let g(x) =x° — 4x + 5. Then, work backward. 
h(x) = |x? — 4x + 5| 

fig) = |g@)| 
Aix) = || 
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Section 10.3 Page 509 Question 18 


For f(x) = 1 —x and g(x) = tt 1, 
—Xx 
a) g(f{x)) = g(1 —x) 


xX 
l-x b) fle(x)) = ite 
1-(1-x) ak 
~ = 1-x 
_1-2x 
7 l-x 
g(x) ; 
f(x) 
Section 10.3 Page 509 Question 19 
a) m(v(t)) = m(0°) | - 
ee b) Substitute t= 3 — 
Cy : 
ve (v(t) = 
23 {= o 
t° 
re 


The particle’s mass is 
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Section 10.3 Page 509 Question 20 


a) For f(x) = 5x + 10 and g(x) = s*-2, 


(fix) = g(Sx + 10) 


fg) = i{zx-2) | 
5 = (Sx +10)-2 


= 5{tx-2] +10 =x+2-2 
. =x 
=x-10+10 

=x 


Since f(g(x)) =x and g(f(x)) =x, the functions f(x) and g(x) are inverses of each other. 


b) For f(x) = _ and g(x) =2x+ 1, 


= fx +1 . 
fa) =f0s+ 0, siey= of 
2 : 
22% -2(= | +1 
ae =x-1+1 
ay ee 


Since f(g(x)) =x and g(f(x)) = x, the functions f(x) and g(x) are inverses of each other. 


c) For fx) = ¥x+1 and g(x) =x -1, 


Ag(x)) = fe = 1) 2(fo)) = e(2/x 41) 
= ¥x°-14+1 = (x41 -1 
= 33 =x+1-1 
=x =X 


Since f(g(x)) =x and g(f(x)) =x, the functions f(x) and g(x) are inverses of each other. 


d) For f(x) = 5“ and g(x) = logs x, 


Alg(x)) = Mlogs x) a(fix)) = g(5°) 
= Ae = logs 5* 
=x 


Since f(g(x)) =x and g(f(x)) = x, the functions f(x) and g(x) are inverses of each other. 
Section 10.3 Page 509 Question 21 

a) The domain of f(x) = log x is {x |x>0,x € R}. 

b) For f(x) = log x and g(x) = sin x, 

Age) = fisin x) 


= log (sin x) 
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V=7.2He44S5 


d) For f(g(x)) = log (sin x), the domain is {x | 21m <x <(2n+ 1) an,n €I,x € R}, since 
sin x is positive in quadrants I and II of each rotation on a unit circle. The range is 


{y|y<0,y € R}. 


Section 10.3 Page 509 Question 22 


For f(x) = — and g(x) = = 


fie(x)) = (st 


2+x 


7 te -—1,-—2,-3 


Section 10.3 Page 509 Question 23 


a) For fi(x) =x, file) = - AG) = 1-2, fA) = 


iD) A(x) =A — x) 
=— = x91 
x 
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x-l 


gy andy 
x-l l-x x 


1-x 


ii) (f° fax) “A ) 


II 

s 
th 
— 
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wy pusen=n(2) i) 9) 
x =—,x#0 
1 x 
=—,x#0 
x 
b) fax) = —— 
x 
x-1 
es 
x 
eae ae 
y 
wHy=l 
xy-y=-l 
VeH1lHal 
ot 
= x-1 
ae 
7 1-x 


This is the same as f2(f3(x)). 
Section 10.3 Page 509 Question C1 


No, f(g(x)) does not mean the same as (f* g)(x). One is a composite function, f(g(x)), and 
the other is the product of functions, (f* g)(x). For example, let fx) =x + 4 and g(x) =x’. 
Ag) =f) (f° a) = (+ ANG) 


=x +4 =x + 4x 


Section 10.3 Page 509 Question C2 


a) From the list, (1) = 5 and g(5) = 10. b) From the list, (3) = 7 and g(7) = 0. 
So, So, 
g(f1)) = g(5) g(f(3)) = 37) 

=10 =0 


Section 10.3 Page 509 Question C3 


For f(x) = 4 — 3x and g(x) = =, 
= (4-3 4- 
g(fx)) (a3) Kea) = rf *) 
3 = 
_ 3x > rw 
3 =4-4+x 
=x 
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Yes, 2(f(x)) = f(g(x)) for all x. The pair of functions are inverses of each other. 


Section 10.3 Page 509 Question C4 


Step 1: 

a) f(x) =2x+3 

fx t+ hy=2a+h)+3 
fix +h) =2x+2h+3 


py L@+M= fC) _ 2x4 2h+3-2x43) 


h h 
_ eet 2h a= 24-3 
7 h 
_ 2h 
oh 
=. 
Step 2: 
a) f(x) =-3x-5 


Ax t+ h)=-3(a + h)-5 
Ax +h) =-3x-3h-5 


b) f(xth)— f(x) _ 3x —3h—5—(-3x—-5) 


h h 
_ BRASH BES 
7 h 
_-3h 
oh 
=-—3 


Step 3: I predict that ne for f(x) = =x — 5 will equal - ; 
Each value is the slope of the related linear function. 

Chapter 10 Review 

Chapter 10 Review Page 510 Question 1 


For f(x) = 3x — 1 and g(x) = 2x + 7, 


a) (f+ g)(x) =f{x) + g(x) b) From part a), (f+ g)(x) = 5x + 6. 
=3x-1+2x+7 (f+ g)\(-1) =5C-1) + 6 
=5x+6 =] 


(f+ g(4) =5(4) +6 
= 26 
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c) (f— g(x) = fx) — gx) d) (g— f(x) = g(x) — fx) 


= 3x—-1-(2x+7) =2x+7-—(3x-1) 
=x_8 ==ers 
(f—g)(3)=3-8 (g—f\(-5) =-+-5) + 8 
=—5 = 13 


Chapter 10 Review Page 510 Question 2 


a) For g(x) =x + 2 and A(x) = ea, 


i) fx) = a(x) + AG) ii) f(x) = AG) — g(x) iii) (x) = g(x) — h(x) 
=xt24x° —4 = =4—(«+2) =x+2-(x°-4) 
=x +x- 2 -_ =x -x- 6 


domain: {x |x € R} 
range: 


fy | y>-2.25,y eR} domain: {x |x € R} domain: {x |x € R} 
range: range: {y |y< 6.25, y € R} 
{y | y >-6.25, y e R} 
b) 
i) fw) =x +x-2 ii) f(x) =x —x-6 iii) f(x) = +x +6 
fQy=2 +2=2 f2)=2 —2-6 f2)=-27 +246 
f(2) =4 fi2)=-4 f(2)=4 


Chapter 10 Review Page 510 Question 3 


a) For f(x) = x’ —3 and g(x) =-2x + 3, 
y= (f+ g)@) 
=f) + g(x) 
=x°-3+(2x+ 3) 
= x°—2x 
The domain of y = (f+ g)(x) consists of all values that are in both the 
domain of f(x) and the domain of g(x): {x |x € R}. 


The range of y = (f+ g)(x) is {y|y=-l,y € R}. 
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y=(f-8)() 
=f) — g(x) 
=x°-3-(C2x+3) 
=x +2x-6 

The domain of y = (f— g)(x) consists of all values that are in both 

the domain of f(x) and the domain of g(x): {x | x € R}. 


The range of y = (f— g)(x) is {vy | v=—-7, y € R}. 


b) For f(x) = Vx—3 and g(x) =-x + 2, 
y= (+ g)) 

= fix) + 8) 

= Jx-3 +(-x+2) 

Sales =e? 
The domain of y = (f+ g)(x) consists of all values that are in 
both the domain of f(x) and the domain of g(x): 
{x|x>3,xeR}. 
From the graph, the range of y = (f+ g)(x) is approximately {y | y>-—0.75, y € R}. 


y= (f— g(x) 
= flx) = a) 
= qo = 2) 
J afeen PeD 


The domain of y = (f— g)(x) consists of all values that are in both 
the domain of f(x) and the domain of g(x): {x | x>3,x € R}. 
The range of y = (f— g)(x) is {y| y>1,y € R}. 


Chapter 10 Review Page 510 Question 4 


a) For f(x) = — and g(x) = Vx, 
ae 
(f+ g(x) =flx) + g(x) 


The domain of (f+ g)(x) consists of all values that are in both the domain of f(x) and the 
domain of g(x): {x |x>0,x#1,x eR}. 
Graph using technology. 


Haxinium 
m=.LSb0146e =~. Pb eds 
The range of (f+ g)(x) is approximately {y | y<-—0.79 ory >2.2,y € R}. 
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b) For f(x) = —and g(x) = Vx : 
= 


(f— g)(x) = fx) — 8) 
aoe eee 


x-1 
The domain of (f— g)(x) consists of all values that are in both the domain of f(x) and the 
domain of g(x): {x |x>0,x#1,x eR}. 


Graph using technology. 


The range of (f+ g)(x) is {y |y € R}. 


Chapter 10 Review Page 510 Question 5 


a) An expression that reflects the net change in population at any given time is 
P= b(x)— d(x) 

=—4x + 78 — (-6x + 84) 

=2x-6 


b) The net change in population will continue to increase, going from negative to positive 
atx =3. 


c) The population begins to increase after year 3, since the net change is then positive. 
Chapter 10 Review Page 510 Question 6 


For g(x) =x +2 and h(x) =x" —4, 
a) fx) = g(x)h(x) 
= (x + 2)G7 — 4) 
=x° +2x?-4x-8 
The domain of f(x) consists of all values that are in both the 
domain of g(x) and the domain of h(x): {x |x € R}. 
The range of f(x) is {y|y € R}. 
There are no asymptotes. 
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h(x) 
b = 4 
) Ax) ae 


_ x -4 
x+2 
_ (x+2)(x-2) 
x+2 

=x—-2,x#-2 
The domain of f(x) consists of all values that are in both the 
domain of h(x) and the domain of g(x), excluding values of x 
where g(x) = 0: {x |x#-2,x € R}. 
The range of f(x) is {y| v#—-4, y € R}. 
There are no asymptotes. 


6) fiy= 5 
- x+2 
x -4 
__ xt? 
CDG 2) ; 
= i .x42,2 | 


The domain of f(x) consists of all values that are in both the domain of g(x) and the 
domain of h(x), excluding values of x where h(x) = 0: {x |x #-2,2,x € R}. 

The range of f(x) is {v | y #—0.25, 0, y € R}. 

The equation of the asymptotes are x = 2 and y= 0. 


Chapter 10 Review Page 510 Question 7 
a) fix) =x° + 2x7 —4x-8 
fi-2) = 2)° + 2-2) 4-2) -8 
fi-2) =-8 + 8+ 8-8 
f-2) =0 


b) Since f(x) =x — 2, x #-2, f(-2) does not exist. 


c) Since f(x) = 


>? x #-2, 2, 2) does not exist. 
h, 6 —s 
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Chapter 10 Review Page 511 Question 8 


die 
ea Baie 


a) fix) = g(x)h(x) 


ee 1 
xt+4\ x? -16 


1 
=e ms 7a 
The domain of f(x) consists of all values that are in both the domain of g(x) and the 
domain of h(x): {x |x #-4, 4, x € R}. 
The range of f(x) is {vy | y#0,y € R}. 


> 


For g(x) = 


b) fe) = 


1 
— x+4 
1 
x’ -16 
x’? -16 
x+4 
— (x+4)\(x-4) 
x+4 
=x-4,x#-4,4 
The domain of f(x) consists of all values that are in both the domain of g(x) and the 
domain of h(x), excluding values of x where h(x) = 0: {x |x #-4,4,x € R}. 
The range of f(x) is {y | vy #—8, 0, y € R}. 


- (x +4)(x-4) 


1 
=—,x#-4,4 
F # 


The domain of f(x) consists of all values that are in both the domain of A(x) and the 
domain of g(x), excluding values of x where g(x) = 0: {x |x #-4,4,x € R}. 
The range of f(x) is {y | y#—0.125, 0, y € R}. 
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Chapter 10 Review Page 511 Question 9 


a) For f(x) =x +3 and g(x) =-x-4, 


y= (fo g(x) 
= fix) g(x) 
= (x + 3)\(-x - 4) 
Se7 = T= 12 


The domain of y = (f* g)(x) consists of all values that are in 
both the domain of f(x) and the domain of g(x): {x |x € R}. 
The range of y = (f* g)(x) is {y| vy < 0.25, y € R}. 


y= [<) (x) 
2 


f (x) 
g(x) 
x+3 

=" 4 


The domain of y = [<) (x) consists of all values that are in 
§ 


both the domain of f(x) and the domain of g(x), excluding 
values of x where g(x) =0: {x |x#-4,x € R}. 
The range of y = (f— g)(x) is {vy | #-l, y € R}. 


b) For f(x) =x°+8x+ 12 and g(x) =x + 6, 
y=(Fo g)x) 
= fix)g@) 
= (x° + 8x + 12)(x + 6) 
=x + 14x° + 60x + 72 
The domain of y = (f* g)(x) consists of all values that are in 
both the domain of f(x) and the domain of g(x): {x |x € R}. 


The range of y = (f° g)(x) is {vy | y € R}. 


y= [<) (x) 
& 


_ f@) 

g(x) 

x? +8x+12 
x+6 

_ (x+2)(x+6) 

7 x+6 

=x+2,x 4-6 
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y=|—x? + 74 —l12|¥ 
| 


Vo 


Lx! Bx +l12) 


xk+6) 
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The domain of y = [<) (x) consists of all values that are in both the domain of f(x) and 
g 


the domain of g(x), excluding values of x where g(x) = 0: {x |x #-6,x € R}. 
The range of y = (f— g)(x) is {vy | #—-4,v € R}. 


Chapter 10 Review Page 511 


Given: f(x) = x and g(x) =xt+1. 


a) Determine g(—2). 
g(x) =xt1 
g(-2) =-2+1 
S2) ==) 
Substitute g(—2) = —1 into f(x). 
fig(-2)) = f-1) 
=Cly 
=] 


Chapter 10 Review Page 511 


4 


Given: f(x) = 2x and g(x) = —, 
x 


a) fle(x)) = 4) 


au 
= a ,x#0 
XxX 
©) gf) = % 
XxX 
2 
ay —d 
s(f-2)) ay 
= 
s(f-2)) = 5 
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Question 10 


b) Determine f(—2). 


Substitute (2) = 4 into g(x). 
g(f(-2)) = (4) 

=4+] 

= 5 


Question 11 
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Chapter 10 Review Page 511 Question 12 


a) For f(x) = = and g(x) = Vx, 
x 


y = fle) 
= 18) 


Vx 


b) The domain of y = f(g(x)) is the set of all values of x in the domain of g for which g(x) 
is in the domain of f: {x | x > 0, x € R}. The range of y = f(g(x)) is {y|y<0,y € R}. 


Chapter 10 Review Page 511 Question 13 


For f(x) = 2x —5 and g(x) =x + 6, 
y = (f° gx) 

= f(x + 6) 

= 2(x + 6)—5 

=2x+7 


Chapter 10 Review Page 511 Question 14 


First, determine a model for travel down the shaft: d = 5t. The temperature as a function 
of time can be modelled by 
T(d(t)) = T(S0) 

= 0.01(54) + 20 

= 0.05¢+ 20 


Chapter 10 Review Page 511 Question 15 


a) Let x represent the current price of the tablet. Then, the price, d, of the tablet after the 
discount is d(x) = 0.75x. 

The price, c, of the tablet after the coupon as a function of the current price is 

c(x) =x— 10. 


b) c(d(x)) = c(0.75x) 
= 0.75x — 10 
This represents using the coupon after the discount. 


c) d(c(x)) = dx — 10) 
= 0.75(x — 10) 
= 0.75x —7.5 
This represents applying the discount after the coupon. 
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d) Comparing the functions from part b) and c), c(d(x)) = 0.75x — 10 using the coupon 
after the discount, will result in the lower sale price of $290. 


Chapter 10 Practice Test 
Chapter 10 Practice Test Page 512 Question 1 


For f(x) = (x + 3) and g(x) =x +4, 
A(x) = fix) + g(x) 
=(x+3P +x+4 
=x°+6xt+9+x+4 
=x + 7x4 13 


Chapter 10 Practice Test Page 512 Question 2 


For f(x) =x + 8 and g(x) = 2x* — 128, 
— &() 

f(x) 

2x? -128 
x+8 

2(x* — 64) 
x+8 

_ 2(x-8)(x +8) 

x+8 
2(x — 8) 
= 2x—16,x#-8 


The domain of y = g(x) 
f(x) 


consists of all values that are in both the domain of g(x) and the 


domain of f(x), excluding values of x where f(x) = 0: {x |x #-8,x € R}. 
Choice D. 


Chapter 10 Practice Test Page 512 Question 3 


From the graph, f(x) = 2° +2 and g(x) =x. 


g(x) — fix) =x — (x? + 2) 
=x’ +x-2 


2. 
The equation of the parabola in vertex form is y = [+ -;| -+ . Since this parabola 


1 ; 
opens downward and has vertex =. 2) , the entire parabola is below the x-axis. 


Therefore, g(x) — f(x) < 0 is true for x € R: choice A. 
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The other options can be shown to be false. 

For choice B, consider x = —1. From the graph f(-1) = 3 and g(—1) =—1, so 
i) _ 3 
e-)). = 
Choice C is not true by observing the graph. For all value of x, f(x) > g(x). 

For choice D, consider x = —1. g(—1) + f(-1) = 3 + (1) or 2. So g(x) + f(x) > 0 atx =-1. 
Choice D is not true. 


or —3, which is less than 1. Therefore choice B is not true. 


Chapter 10 Practice Test Page 512 Question 4 


For f(x) = 5 —x and g(x) = 23x , 
figs) =K 23x) 
= 5 93x 
fg(3)) = 5 — 24/3(3) 
= 5 -2(3) 
=-] 
Choice C. 
Chapter 10 Practice Test Page 512 Question 5 


For fix) =x + 5 and g(x) =x’, 


Choice A. 
Chapter 10 Practice Test Page 512 Question 6 


For f(x) = sin x and g(x) = 2x’, 


a) h(x) = (f+ g)() b) h(x) = (f—g)@) 
= fix) + g(x) = fix) — g(x) 
=sinx+2x° = sin x — 2x” 


h = e 
c) (= - a. d) h(x) = [) (x) 
= (sin x)2x f(x) 
~ a) 
_ sinx 
~ oy’ a 
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Chapter 10 Practice Test Page 512 Question 7 


Use mental math. 


g(x) f(x) (f+ D&) (f° D&) 
a) x—8 Vx Vx +x-8 x-8 
b) ee, Ax > gees, 4x + 12 
¢) x x-4 V¥x-4 +x Vx2-4 
1 1 2 
d) — — — a3 
x * x 


Chapter 10 Practice Test Page 512 Question 8 


For g(x) = — and h(x) = —_ 


342x’ 
y= g(x)A(x) 
4 1 
1+x\3+2x 
1 
= ,x #-1.5, -1 
2x? +5x+3 3 


The domain of y = g(x)h(x) consists of all values that are in both the domain of g(x) and 
the domain of A(x): {x |x #-1.5,-l,x € R}. 


Chapter 10 Practice Test Page 513 Question 9 


From the graph, f(x) =—(x — 1)° + 9 and g(x) =x + 2. 
a) y= (f—g)(x) 

= fix) — g(x) 

=-(x—1)+9-(x+2) 

=? +2x-1+9-x-2 

= +x+6 


b) y= [Z]on 
&§ 
_ f&) 
g(x) 
. =I +9 
a 
_ =x? +2x4+8 
at ca 
_ —-(x-4)(4+ 2) 
x+2 
=-x+4,x#-2 
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Chapter 10 Practice Test Page 513 Question 10 


a) For f(x) = 3 — x and g(x) = |x + 3], 
g(f{x)) = g(3 -x) 
=|3-x+3] 
=|6—x 
The domain of f(x) is {x |x € R}. The domain of g(x) is {x |x € R}. 
The domain of g(f(x)) is the set of all values of x in the domain of ffor which f(x) is in the 
domain of g: {x |x € R}. The range of g(f{x)) is {vy | y=0, yy € R}. 


b) For f(x) =4" and g(x) =x + 1, 
g(fx)) = g(4") 
=4*+] 
The domain of f(x) is {x |x € R}. The domain of g(x) is {x |x € R}. 
The domain of g(f(x)) is the set of all values of x in the domain of ffor which f(x) is in the 
domain of g: {x |x € R}. The range of g(f(x)) is {vy | v= 1, y € R}. 


c) For f(x) = x‘ and g(x) = Vx : 
g(fx)) = a(x") 
w= 2 
=x 
The domain of f(x) is {x |x € R}. The domain of g(x) is {x |x >0,x € R}. 
The domain of g(f(x)) is the set of all values of x in the domain of f for which f(x) is in the 
domain of g: {x | x € R}. The range of g(f(x)) is {vy |y 20, y € R}. 


Chapter 10 Practice Test Page 513 Question 11 


a) Let x represent Becky’s earnings per pay period. 

Then, her income, r, after the retirement deduction as a function of her earnings per pay 
period can be modelled by r(x) = x — 200. 

Her income, ¢, after federal taxes as a function of her earnings per pay period can be 
modelled by ¢(x) = 0.72x. 


b) ¢(r(x)) = tx — 200) 
= 0.72(« — 200) 
= 0.72x — 144 
This represents determining federal income taxes after Becky’s retirement deduction. 


c) Substitute x = 2700. 

t(r(x)) = 0.72x — 144 
t(r(2700)) = 0.72(2700) — 144 
t(r(2700)) = 1800 

Becky’s net income is $1800. 
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d) r(t(x)) = r(0.72x) 

= 0.72x — 200 
Substitute x = 2700. 
r(t(x)) = 0.72x — 200 
r(t(2700)) = 0.72(2700) — 200 
r(t(2700)) = 1744 
Becky’s net income is $1744. 


e) The calculation order changes the net income. If federal income tax is calculated using 
the income after the retirement deduction, Becky receives more money. 


Chapter 10 Practice Test Page 513 Question 12 


V=h.c0310¢ 


b) x(¢) = (10 cos 27)(0.95') 
=fidg 
Then, f(2) = 10 cos 2¢ and g(t) = 0.95". 
The function f(t) is responsible for the periodic motion, while the function g(f) is 
responsible for the exponential decay of the amplitude. 


Chapter 10 Practice Test Page 513 Question 13 


For f(x) = 2x° + 11x —21 and g(x) = 2x -3, 
a) y=f(x) — g(x) 

= 2x + 1lx—21—(2x-3) 

= 2x + 9x — 18 


y 
ys 2x* + 9x—|18) 


b) y=fx) + g(x) 
= 2x7 + 1lx—21+2x-3 
= 2x7 + 13x—24 
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go 
a(x) ye bee e211 
_ 2x? +11x-21 t—2 
2x-3 
_ (Qx-3)(x+7) 
2x-3 
=x+7,x#1.5 


c) 


d) y=f(g(x)) 
= f(2x — 3) 
= 2(2x— 3) + 11(2x—3)—21 
= 2(4x — 12x + 9) + 22x —33 —21 
= 8x" — 2x — 36 


Chapter 10 Practice Test Page 513 Question 14 


a) Let r represent the radius of the circular ripple. Then, the area of the circular ripple is 
given by A(r) = m7’. The radius changes with time according to r(¢) = 50t. 
An equation that represents the area of the circle as a function of time is the composite 
function A(7(2)). 
A(r(t)) = A(S00) 

= (501) 

= 2500n0° 


c) Substitute t= 5. 

A(r(t)) = 2500n0" 

A(r(5)) = 2500n(5) 

A(r(5)) = 196 349.540... 

The area of the circle after 5 s is 
approximately 196 350 cm”. 


V=196249.54 


d) Example: No. In 30 s, the radius would be 1500 cm. Most likely the circular ripples 
would no longer be visible on the surface of the water due to turbulence. 
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Chapter 11 Permutations, Combinations, and the Binomial Theorem 
Section 11.1 Permutations 


Section 11.1 Page 524 Question 1 


a) b) 

Position 1 | Position 2 | Position 3 5 25 
Jo Amy Mike 2 8 28 
Jo Mike Amy 9 29 
Amy Jo Mike 2 52 
Amy Mike Jo °<——8 58 
Mike Jo Amy ~ : = 
Mike Amy Jo gs gs 

a ~9 89 

There are six different arrangements. _2 92 
9<—5 95 

i 8 98 


c) 


Starter Main Dessert 
soup chili ice cream 
soup chili fruit salad 
soup hamburger | ice cream 
soup hamburger | fruit salad 
soup chicken ice cream 
soup chicken fruit salad 
soup fish ice cream 
soup fish fruit salad 
salad chili ice cream 
salad chili fruit salad 
salad hamburger | ice cream 
salad hamburger | fruit salad 
salad chicken ice cream 
salad chicken fruit salad 
salad fish ice cream 
salad fish fruit salad 


There are 16 different meals. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 11 


There are 12 different two-digit numbers. 
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Section 11.1 Page 524 Question 2 


a) b) 
82 (B_2)! ee (TS)! 
8! 7! 
~ 6! ~ 21 
_ 3) 6) _ 6543) 2 
A z 
= 56 = 2520 
Q Pa a) R= 
(6-6)! (4-1)! 
6! 4! 
“Ol ~ 3! 
_ 6(5)(4)3)(2)0) 
7 i = 45 
= 720 w 
=4 
Section 11.1 Page 524 Question 3 
Left Side = 4! +3! Right Side = (4 + 3)! 
= 4(3!) + 3! = 
= (4+ 1)(3!) 
= §(3!) 
Left Side # Right Side 
Section 11.1 Page 524 Question 4 
a) 9! = 9(8)(7)(6)(5)(4)(3)(2)(1) by 21 = ODO) 55 
= 362 880 514! 9f(4)(3)(2)(1) 
= 126 
©) (513!) = SA)3)2)DGB)(2)0) d) 6(4!) = 6(4)(3)(2)(1) 
= 720 = 144 
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f) 7!-5! 


- 102! _ 102(101) (L061) = 7(6)(5)(4)(3)(2)(1) — 5(4)(3)(2)(1) 
100!2!.  Je01(2)(1) = 5040 — 120 
= 4920 
=5151 


Section 11.1 Page 524 Question 5 


a) There are six letters in hoodie. There are 2! ways to arrange the two 0’s. 


6! 6(5)(4)(3) (29 
a wh 


1 
= 360 
The number of different six-letter arrangements is 360. 


b) There are seven letters in decided. There are 3! ways to arrange the three d’s and 2! 
ways to arrange the two e’s 


T! _ THOMA) GS 
312! K(2\(1) 


= 420 
The number of different seven-letter arrangements is 420. 


c) There are 11 letters in aqilluqqaaq. There are 3! ways to arrange the three a’s, 4! ways 
to arrange the four q’s, and 2! ways to arrange the two I’s. 


11! 11010)(9)(8)(7)(6)(S) (AS 
31412! 3(2)(1) 4 (2)() 


=138 600 
The number of different 11-letter arrangements is 138 600. 


d) There are six letters in deeded. There are 3! ways to arrange the three d’s and 3! ways 
to arrange the three e’s 


6! _ 6(5)(4) 
313! 34(3)(2)(1) 


= 20 
The number of different six-letter arrangements is 20. 
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e) There are five letters in puppy. There are 3! ways to arrange the three p’s. 


i 
51_ 5(4) OY 
3! mw 
1 
= 20 
The number of different five-letter arrangements is 20. 


f) There are eight letters in baguette. There are 2! ways to arrange the two e’s and 2! 


ways to arrange the two t’s. 


8! _ 8(7)(6)G\AG) (WN 
212! 24(2)(1) 
=10 080 


The number of different six-letter arrangements is 10 080. 


Section 11.1 Page 525 Question 6 


4! = 4(3)(2)(1) 
= 24 
The four names can be listed in 24 ways. 


Section 11.1 Page 525 Question 7 


a) P, =30 


n 


n! 
(n—2)! 
n(n-1 ! 
( ae =, 
n(n—1) = 6(5) 
Using reasoning, the solution to ,P2 is n= 6. 


b) nP; = 990 
n! 
(n—3)! 
n(n—1)\(n-2 ! 
n(n—1)(n—2) =1100)(9) 
Using reasoning, the solution to ,P3 is n= 11. 


990 
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c) 6h. =30 
6! 30 

(6—r)! 

6! 


sane 


PEO r)! 


4!=(6—-r)! 
4=6-r 


r=2 
Using reasoning, the solution to 6P, is r = 2. 


d) —-(,,) = 60 


n(n—1) = 6(5) 
Using reasoning, the solution to 2(,P2) is n = 6. 


Section 11.1 Page 525 Question 8 


a) Determine the number of arrangements of moving down 2 units and right 2 units. 
4! 43)(2!) A 
2!2!) 2()(2!) 
=6 
There are 6 pathways from A to B. 


b) Determine the number of arrangements of moving up 3 units and right 4 units. 


7! _ 7(6)(5)(4!) . 
314! 3(2)(1)(4!) 
=35 


There are 35 pathways from A to B. 
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c) Determine the number of arrangements of moving up 2 units and left 3 units. 


5! 5(4)(3!) B 
213! 2(1)(3!) 
=10 


There are 10 pathways from A to B. . 


Section 11.1 Page 525 Question 9 

a) Case 1: first digit is 3 or 5; Case 2: first digit is 2 or 4 
b) Case |: first letter is B; Case 2: first letter is E 
Section 11.1 Page 525 Question 10 


a) The boys can be arranged on the ends in 2! = 2 ways. The girls can be arranged in the 
middle in 4! = 24 ways. 
2!4! = 2(24) 
= 48 
The two boys and four girls can be arranged in 48 ways. 


b) There are 2! = 2 ways to arrange the boys together. Considering the boys as one object 
means there are five objects to arrange in 5! = 120 ways. Since the boys must be seated 
together, there are 5!2! = 240 ways to arrange the two boys and four girls. 


c) There are 2! = 2 ways to arrange the boys in the middle of the row. There are 4! = 24 
ways to arrange the girls. Since the boys must be seated together, there are 4!2! = 48 
ways to arrange the two boys and four girls. 


Section 11.1 Page 525 Question 11 


a) 7! = 7(6)(5)(H)GB)2)) 
040 


Seven books can be arranged in 7! = 5040 ways. 


b) 7 TOS\(YAEZ) 
2! (2!) 
= 2520 
If two of the books are identical, the seven books can be arranged in 2520 ways. 


c) Case 1: mathematics book is on the left end 

There are 6! = 720 ways to arrange the other six books. 

Case 2: mathematics book is not on the left end, so it must be on the right end 
There are 6! = 720 ways to arrange the other six books. 


The books can be arranged in 720 + 720 = 1440 ways. 
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d) There are 4! = 24 ways to arrange the four particular books together. Considering 
those four books as one object means there are 3 + 1 = 4 objects to arrange in 4! = 24 
ways. Since four of the books must be together, there are 4!4! = 576 ways to arrange the 
books. 


Section 11.1 Page 525 Question 12 


The letters can be arranged in 6! = 720 ways. 

First letter Middle letters Last letter 

4 choices 4! choices 4—1=3 choices 

Total number of arrangements that begin and end with a consonant: 4(4!)(3) = 288 


Section 11.1 Page 525 Question 13 


First character Last 3 characters 

26—1=25choices 10(9)(8) = 720 choices 

total number of different codes: 25(720) = 18 000 

Since 18 000 < 25 300, the organization will not have enough different ID codes for its 
members. 


Section 11.1 Page 525 Question 14 


Iblauk has five colour choices for the body of the mitt and four choices for the wrist. She 
can make 5(4) = 20 different colour combinations of mitts. 


Section 11.1 Page 525 Question 15 


There are 40 choices for each of the three numbers in the sequence. 
40(40)(40) = 64 000 

Total time to test all combinations: 64 000(15 s) = 960 000 s 
Convert 960 000 s to hours: 


960 ooo s{ Lat} my )=2062 n 


60s /\.60 min 


It would take 266 = h to test all possible combinations. 


Section 11.1 Page 526 Question 16 

a) Jodi can park the vehicles in 7! = 5040 ways. 

b) There are 2! = 2 ways to arrange the truck and hybrid together. Considering those two 
vehicles as one object means there are six objects to arrange in 6! = 720 ways. Since the 


truck and hybrid must be beside each other, there are 6!2! = 1440 ways to arrange the 
seven vehicles. 
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c) Number of ways the vehicles can be parked so the convertible is not next to the 

subcompact 

= total arrangements of the vehicles — number of ways two of the vehicles can be parked 
beside each other 

= 5040 — 1440 (from parts a) and b)) 

= 3600 

There are 3600 ways for the vehicles to be parked without the convertible next to the 

subcompact. 


Section 11.1 Page 526 Question 17 


a) There are eight letters in parallel. There are 3! ways to arrange the three 1’s and 2! 
ways to arrange the two a’s 


8! 8(7)(6)(5)(4) (4S 
312! 34(2)(1) 


= 3360 
The number of eight-letter arrangements possible is 3360. 


b) Considering the I’s as one object means there are 5 + 1 = 6 objects to arrange in 
6! = 720 ways. Since there are 2! ways to arrange the two a’s, there are 


6!_ 6(5\(4)GB) 2H 
2! wh 
= 360 
ways to arrange the letters. 


Section 11.1 Page 526 Question 18 
a) The word has five letters, with two pairs of identical letters. Example: AABBS 
b) Examples: teeth, radar, sells 


Section 11.1 Page 526 Question 19 


First digit Second digit Third digit Last digit 
5 possibilities 9 possibilities 9 possibilities 9 possibilities 
(3, 4, 5, 6, or 8) 


Number of integers from 3000 to 8999 that do not contain 7s: 5(9)(9)(9) = 3645 
Section 11.1 Page 526 Question 20 


a) 26(10)(26)(10)(26)(10) 
There are 17 576 000 different postal codes. 


b) Example: Yes, Canada will eventually exceed 15.5 million postal communities. 
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Section 11.1 Page 526 Question 21 
a) For each of the 14 lines, there are 10 pages of lines that could be substituted. 


There are 10'* arrangements of the lines 


b) Yes, the title is reasonable because 10'* = 100 000 000 000 000, which is 100 million 
million. 


Section 11.1 Page 526 Question 22 
a) Pe b) eee 
ie i nes 
(3-r)! (7-r)! 
1=(-r)! 1=(7-r)! 
0!=(-r)! 0!=(7-r)! 
0=3-r Q0=7-r 
r=3 r=7 
Cc) d) 
abs = 4,13) n(;P)=,P, 
n! -4{ oo | ( 5 - 7! 
(n—3)!  ( (n-1-2)! (5-3)!) (7-5)! 
n! _ 4(n-1)! n(5!)_ 7! 
(n—3)! (n—3)! 2! 2! 
n!=4(n-1)! peace 
n(n—1)!=4(n-1)! 5! 
5! 
n=42 


Section 11.1 Page 526 


! 
pe n! 
(n—n)! 
n! 
0! 


And nPn=n!; so, 0! = 1. 


Question 23 
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Section 11.1 Page 526 Question 24 


3Ps gives an error message on a calculator because the number of items taken from the set 
is greater than the number of items in the set. 


Section 11.1 Page 526 Question 25 


Case 1: One-digit number 
3 possibilities for a single digit odd number 


Case 2: Two-digit number 

4 possibilities for the first digit (1, 2, 3, 4, 5 minus one digit, since the last digit must be 
odd) 

3 possibilities for the last digit (1, 3, 5) 

4(3) = 12 ways two-digit numbers to be formed 


Case 3: Three-digit number 

4 possibilities for the first digit (1, 2, 3, 4, 5 minus one digit, since the last digit must be 
odd) 

4 possibilities for the middle digit (0, 1, 2, 3, 4, 5 minus two, for the first and last digits) 
3 possibilities for the last digit (1, 3, 5) 

4(4)(3) = 48 ways for three-digit numbers to be formed 


The odd numbers can be formed in 3 + 12 + 48 = 63 ways. 
Section 11.1 Page 526 Question 26 


Case la: Four-digit number starting with 2 

First digit Second digit Third digit — Last digit 
1 choice 3 choices 2 choices 1 choice 
Four digit numbers can be formed in 1(3)(2)(1) = 6 ways. 


Case 1b: Four-digit number starting with 1, 3, or 5 

First digit Second digit Third digit — Last digit 
3 choices 3 choices 2 choices 2 choices 
Four digit numbers can be formed in 3(3)(2)(2) = 36 ways. 


Case 2a: Five-digit number starting with 2 

First digit Second digit Third digit | Fourth Digit Last digit 
1 choice 3 choices 2 choices 1 choice 1 choice 
Five digit numbers can be formed in 1(3)(2)(1)(1) = 6 ways. 


Case 2b: Five-digit number starting with 1, 3, or 5 

First digit Second digit Third digit | Fourth Digit Last digit 
3 choices 3 choices 2 choices 1 choice 2 choices 
Five digit numbers can be formed in 3(3)(2)(1)(2) = 36 ways. 


Total number of even numbers: 6 + 36+ 6+ 36 = 84 
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Section 11.1 Page 526 Question 27 


Case 1: One-digit number 
8 ways 


Case 2: Two-digit number 

First digit Second digit 

9 choices 9 choices 

Two-digit numbers can be formed in 9(9) = 81 ways 


Case 3: Three-digit number 

First digit Second digit Last digit 

9 choices 9 choices 8 choices 
Three-digit numbers can be formed in 9(9)(8) = 648 ways 


Total number of integers: 8 + 81 + 648 = 737 
Section 11.1 Page 527 Question 28 


There are six possible locations for the first yellow cube and five possible locations for 
the other yellow cube. 


6(5) 


Total number of arrangements: re =15 (Divide by 2 because the cubes are identical.) 


Total number of permutations with two objects the same and four objects the same: 
6! — 6(5)(4!) 
214! 2(1)4! 
_ 665) 
“a 
=15 


Section 11.1 Page 527 Question 29 
Consider the cases for each number of sides painted green and other sides painted grey. 


Zero sides painted green: 1 way 

One side painted green: 1 way 

Two sides painted green: 2 ways 

Three sides painted green: 2 ways 

Four sides painted green: 2 ways 

Five sides painted green: | way 

Six sides painted green: 1 way 

Total ways of painting the cube using two colours: 1+ 1+2+2+2+1+1=10 
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Section 11.1 Page 527 Question 30 


Example: Use the numbers | to 9 to represent the different students. 


Day 1 Day 2 Day 3 Day 4 
eee 147 149 168 
456 258 267 249 
789 369 358 chew 


Section 11.1 Page 527 Question 31 

Determine how many factors of 5 there are in 100!. Each multiple of 5 has one factor of 5 
except 25, 50, 75, and 100, which have two factors of 5. So, there are 20 + 4 = 24 factors 
of 5 in 100!. There are more than enough factors of 2 to match up with the 5s to make 
factors of 10, so there are 24 zeros. 


Section 11.1 Page 527 Question 32 

a) EDACB or BCADE 

b) 2 

c) None. Since F only knows A, then F must stand next to A. However, in both 
arrangements from part a), A must stand between C and D. Therefore, no possible 
arrangement satisfies the conditions. 

Section 11.1 Page 527 Question C1 

a) aP» represents the number of permutations or arrangements in order of b objects taken 
from a group of a objects. For example, 29P3 represents the number of arrangements of 


three council positions taken from a team of 20 members. 


b) b <a because the number of objects selected must be less than or equal to the number 
of objects in the set 


Section 11.1 Page 527 Question C2 
If all of the objects are different, they can be arranged in n! ways. If some of the objects 


are identical, you need to divide by the number of ways of arranging the objects in each 
group of identical objects. 
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Section 11.1 Page 527 Question C3 


3(n+2)!_ 3M(n+2)(n+1)(n\(n-1)! 
A\(n-1)! 4\(n—1)! 

_ 3'(n+2)(n+I)n 

4! 

_ 3'(n+2)(n+I1)n 

7 4(3!) 

_ (n+2)(n+1)n 

a 


a) 


Mr-)! Sir! TOGA) BIO-D! 54) Br! 
+ = + 
6\(r+l)! 3Mr+l)! 6(5)(4) H(r+D! Kr+))! 


—MOOMMG =D! Hr! 6S )(4) 


b) 


6(5\(4\(r+)! (r+)! 6(5)(4) 

_ TO)SMAO=-D! + SA)r(6)S)(4) 
6(5)(4)(r +1)! 

_Ur-1)! + 5(4)r! 

7 (r+1)! 

_Ur-)! + 5(4(r\(r-D! 

7 (r+1\(r\(r-))! 

_7 + 5(4\(r) 

— (r+1(r) 

_7+20r 

~ r(r+l) 


Section 11.1 Page 527 Question C5 


a) 9! = 9(8)(7)(6)(5)(4)B)(2)C) 
= 362 880 


b) log (9!) = 5.559 763 ... 
c) log (10!) = 6.559 763 ... 


d) The answer to part c) is | greater than the answer to part b). 
This is because 10! = 10(9!) and log (10!) = log 10 + log (9!) = 1 + log (9!). 
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Section 11.2 Combinations 

Section 11.2 Page 534 Question 1 

a) Combination, because the order that members shake hands is not important 
b) Permutation, because the order of the digits is important 

c) Combination, because the order that the cars are purchased is not important 


d) Combination, because the order that players are selected to ride in the van is not 
important 


Section 11.2 Page 534 Question 2 
5P3 is a permutation representing the number of ways of arranging 3 objects taken from a 


group of 5 objects. 5C3 is a combination representing the number of ways of choosing any 
3 objects from a group of 5 objects. 


5P,= = 5C3 = ae 
2! 213! 
_ (AB)2!) _ MGB!) 
Zt 2(1)3! 
= 60 =10 


Section 11.2 Page 534 Question 3 


a) ,P,=< b) C= 
2! 413! 
_ 6(5)(4)(3)(2!) ] 
SS _ 1(6)(5) ay 
360 a (3)(2)(1) 
=35 
c) o2* d) sos 
312! 317! 


_ 54) OS _ 10(9(8) (AS 
K(2)(1) 3(2)(1) (HY 


1 
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Section 11.2 Page 534 Question 4 


a) C= b) {pee 
6!4! 6! 
_10(9)(8)(7) Sor _10(9)(8)(7) Sor 
HABA pf 
=210 = 5040 


Section 11.2 Page 534 Question 5 

a) AB, AC, AD, BC, BD, CD 

b) AB, BA, AC, CA, AD, DA, BC, CB, BD, DB, CD, DC 

c) The number of permutations is 2! times the number of combinations. 


Section 11.2 Page 534 Question 6 


a) C,=10 b) G29) 
! ! 
Ee 2G a =i 
(n—Di!1! (n—2)!2! 
! ! 
Ho n! ~21(2!) 
(n—1)! (n—2)! 
1 1 
! n(n-1 ! 
not! _ 1 ODO? _ seayay 
1 1 
n=10 n(n—1) = 42 
n’ —n—42=0 


(n—7)(n+6)=0 
n—7=0 or n+6=0 
n=7 =-6 


Since n => 2, the solution is n= 7. 
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c) a= 0 d) mGa— 
n! 6 (n+l)! = 
(n—(n—2))\(n—2)! (nt+1—(n-1))\(n-1)! 
n! 6 (n+l)! = 
(n—n+2)\(n—2)! (n+1—n+1)\(n-1)! 
n! n+1)! 
dna!” wep 
n(n-1) ! n+1)\(n ! 
ee oe TAs 
mn D.. (n ie =15 
n(n—1)=12 n(n+1) =15(2)(1) 
n(n—1) = 4(3) n(n+1) =30 
n=4 n(n+1) =5(6) 
n=5 


Section 11.2 Page 534 Question 7 


a) Case 1: one-digit numbers, Case 2: two-digit numbers, Case 3: three-digit numbers 
b) Cases involve grouping the 4 members from either grade. 

Case |: four grade 11s, Case 2: three grade 11s and one grade 12, Case 3: two grade I 1s 
and two grade 12s, Case 4: one grade 11 and three grade 12s, Case 5: four grade 12s 


Section 11.2 Page 534 Question 8 


Left Side = 1:C3 Right Side = 1:Cs 
bi ah ll! 
~ (11-3)!3! ~ (11-8)!8! 
1 1! 
813! 318! 


Left Side = Right Side 
Section 11.2 Page 534 Question 9 


5! 
~ (§—5)!5! 
5! 
~ 015! 
=] 


a) 5Cs 
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5! 
~ (5—0)!0! 
5! 
~ 5!0! 
= 
There is only one way to choose 5 objects from a group of 5 objects, and only one way to 
choose 0 objects from a group of 5 objects. 


b) 5C, 


Section 11.2 Page 534 Question 10 


A! 
a) ,C, =———__ 
(4—3)!3! 
4! 
1B! 
1 
4 (34 
a 
=4 
b) Case 1: one coin Case 2: two coins 
A! A) 
4G, = a a 4G, = Sa Ae 
(4-D!1! (4—2)!2! 
A) 4! 
3h 212! 
1 1 
_4 G5 438) 29 
ws A(2!) 
1 1 
=4 12 
2(1) 
=6 


Total number of sums: 4 + 6 = 10 


Section 11.2 Page 534 Question 11 
6! 
~ (6—4)!4! 
1 
_ 65) (AY 
214 
1 


=15 


a) .C, 
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b) Case |: four females Case 2: five females Case 3: six females 
6C4 = 15 from part a) 6! 6! 


6s =e 151 66 = 6 6161 
6! 6! 
~ 15! ~ 016! 
1 LI 


=6 
Total number of ways of selecting at least four females: 15 +6 + 1 =22 


Section 11.2 Page 534 Question 12 
a) Left Side = ,C,_1 + nC; 
n! n! 
= —— tt 
(n-(r—-1))r-1)!) (n—-r)!r! 
n! n! 
= + 
(n—r+Dlr-L)! (m—r)tr! 
_nl(n—r)ir! +ni(n—-r+)\(r—-))! 
(n—r+I1)\(r—-1)\(n-r)!r! 
_ni(n—-r)ir(r—-l)! +n\(n-r+1)(n-r)\r-I)! 
(n—r+I1)'(r—-1)\(n-r)!r! 


“alti (tilt (ar 4] 
— (n=rt+ DI (rth! (nT! r! 


_mMrtn-r+l) 
~ (n—-r+))iIr! 
n\(n+1) 
~ (n=r4+D!r! 

_ (n+l)! 
~ (n=r+D!r! 


Right Side = , + 1C; 
_ (n+l)! 
(n+l-r)!r! 


Left Side = Right Side 
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Section 11.2 Page 534 Question 13 
6! 


C, =——___ 
* (6=3)!3! 
6! 
~ 313! 


_ 6(5)(4) 
3(2)(1) (345 
= 20 


You can order 20 different burgers. This is a combination because the order of the 
ingredients is not important. 


Section 11.2 Page 535 Question 14 


10! 
9) 0s = G9 ayiat 
_ 10! 
614! 


_ 10(9)(8)(7) (or 
(619 (4)(3)(2)(1) 


=210 


b) This question involves a combination because the order of toppings is not important. 


Section 11.2 Page 535 Question 15 


a) Method 1: Use a diagram. Method 2: Use combinations. 
5! 
5G) = aaa 
(5—2)!2! 
5! 
312! 


_ 5(4) ON 
(2) 


1 


=10 


You can draw 10 line segments connecting any two of the five points. 
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5! 

~ (5—3)!3! 
5! 

~ 213! 


_ 5A G5 
(2)(1) (34 


=10 
You can draw 10 triangles from the five given points. 


b) <C, 


10! 
9 0 = 79381 
10! 

733! 


10! |. : 
You can draw aa triangles from ten non-collinear points. 


_ 10! 
~ (10—2)!2! 
_ 10! 

812! 


Number of line segments: ,)C, 


The number of triangles is determined by the number of selections of choosing three 
points, whereas the number of line segments is determined by the number of selections of 
choosing two points. 


Section 11.2 Page 535 Question 16 


Left Side = ,C, Right Side = »C,_, 
n! n! 
~(n—r)!tr! ~ (n=(n—r))\(n—r)! 
n! 


i: (n—n+r)\(n-r)! 
n! 
> r\(n-r)! 
Left Side = Right Side 
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Section 11.2 Page 535 Question 17 


20! 
a) ee eee see 
(20—12)!12! 

_ 20! 

~ gii2! 


_ 20(19)(18)(17)(16)(15)(14)(13) wey 
8(7)(6)(5)(4)(3)(2)0) 2 


= 125.970 
There can be 125 970 12-person juries selected. 


een 12! 8! ) 
(12—7)!7!\ (8—5)!5! 


_ 1218! 
5171315! 


_ 120 AV OV8) (79 8H) 55 
5A DAM TAM 55 


= 44 352 
There can be 44 352 juries containing seven women and five men. 


c) Case 1: 10 women Case 2: 11 women 
Kee a — C= . 
(12—10)!10!\ (8—2)!2! (2-1)!11!\ (8-D!! 
Ws! AZT 8h: 
211011 612! WIA 7! 
1 1 1 1 
_ 120 N61] 8(7)(61) _12(41)} 8(74) 
20 | eM at La 
= 66(28) =12(8) 
= 1848 = 96 
Case 3: 12 women and 0 men 
12! ! 
665 (¢Gy) ==- = 
(12 —12)!12!\ (8—0)!0! 
1 1 
7 SVAN 
O!2t| gfo! 
! } There are 1848 + 96 + 1 = 1945 juries 
=] containing at least ten women. 
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Section 11.2 Page 535 Question 18 


52! 
9) Cs = E3151 
32! 

4715! 


_ 52(51)(50)(49)(48) (ary 
(Ary (5)(4)(3)(2)0) 


1 


=2 598 960 
You can select five cards from a deck of 52 cards in 2 598 96 ways. 


b) Determine the number of ways to select three of 13 hearts and 2 cards from the rest of 
the deck. 


13! 39! 
13C3(39C,) = ) 


(13—3)!3!\ (39—2)!2! 


_ 13! ( 39! 
~ 10!3!( 3712! 


_ 1302)d nuet ) 39(38)(371 ) 
109i (3)(2)() at (2)() 


= 286(741) 


= 211 926 
There are 211 926 ways to select three hearts from a standard deck of cards. 


c) Determine the number of ways to select one black card and four red cards. 


ee 26! 26! 
(26-1)!1!\ (26—4)!4! 
26!( 26! 
_ 26(251)| 26(25)(24)(23)( 221) 
at FAN AAA 


1 


= 388 700 
There are 388 700 ways to select one black card and four red cards from a standard deck. 
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Section 11.2 Page 535 Question 19 


6! a 
a) 6C4(,C;) = nas 


6! 7! 
-=(4) 
_ 6(5) (A | 7065) AF 
2(1) (AN | (A320) 


=$25 
You can select the books in 525 ways. 


b) Considering the four science books as one object means there are four objects to arrange 
in 4! = 24 ways. Since the science books must be together, there are 4!4! = 576 ways to 
arrange the books. 


Section 11.2 Page 535 Question 20 


40! 

(40 —20)!20! 
_ 40! 

~ 20120! 


A) yCyy) = 


! 


The number of selections possible is : 
20!20! 


20! 
(20-4)! 

_ 20! 

16! 


_ 20(19)(18)(17) (ey 
Le 


1 
=116 280 
Four of the paintings can be displayed in a row in 116 280 ways. 


b) 20% = 


Section 11.2 Page 536 Question 21 


a) 
52! 39! 26! 13! 
BY = 7 as a 
(52—13)!13! (89-13)!13! (26-13)!13! (13-13)!13! 
52! 39! 26! 13! 
= x x x 
39113! 26113! 13113! O13! 


52C 13 X 39 C3 X 96 C3 X 
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eA 39! 26! 13! 
x x x 
39113! 26113! 13113! O!13! 


1 1 1 

__ 52! 3a pet sat 
39713! 26113! 13113! Olt 

1 1 1 
52! 
~ 13113113113! 
_ 
(131) 


D) 55,3 X 39 Cys X 6 G3 X 3 C3 = 


52! 
(13!) 


_ 52(51)(50)...(15)(14) (wy 


wal [(13)(12) 1)... 82) 
= 5.364... x 10% 


C) 593 * 393 X a6 Cy X 3 G3 = 


Section 11.2 Page 536 Question 22 
Using the given diagram, count the number of possible parallelograms of each dimension. 


1 x 1 parallelogram: 15 ways 
1 x 2 parallelogram: 22 ways 
1 x 3 parallelogram: 14 ways 
1 x 4 parallelogram: 6 ways 
1 x 5 parallelogram: 3 ways 
2 x 2 parallelogram: 8 ways 
2 x 3 parallelogram: 10 ways 
2 x 4 parallelogram: 4 ways 
2 x 5 parallelogram: 2 ways 
3 x 3 parallelogram: 3 ways 
3 x 4 parallelogram: 2 ways 
3 x 5 parallelogram: 1 way 


Total number of possibilities: 15 + 22+ 14+6+3+8+10+4+2+3+4+2+1=90 
There are 90 possible parallelograms formed. 
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Section 11.2 Page 536 Question 23 


a) Let x represent the number of flavours available. 
2630 
a BFA 
(x-—2)!2! 


CCl 
(22) 
AOSD 656 
(2)() 
x(x —-1) = 1260 
x(x-1) = 36(35) 


Using reasoning, x = 36. 
There are 36 flavours of ice cream available in the store. 


b) If you can duplicate flavours, you can choose from 36 flavours for each scoop. 
36(36) = 1296 
There are 1296 possible two-scoop bowls of ice cream. 


Section 11.2 Page 536 Question 24 


a) 5C, Boe 365) C302) = 1sCe 
(5—2)!2! 15! 
so ~ (15—6)!6! 
312! Ls 
1 ~ O16! 
Pe 916! 
_ 5(4) Bt 1 
2M _ 15(14)013)02)0 )d 0) (91 
ae — (998(6)(5)(4)B)\2)() 
1 
= 5005 
© _ 10 = 3 remainder 1 
nt = 3005 = 1668 remainder | 


Both expressions have the same remainder, so, the statement is true. 
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b) 15) C7(2) = 45Cy, 
35! 
~ (35-14)!14! 
_ 35! 
21114! 


_ 35(34)(33)(32)(3 1)(30)(29)(28)(27)(26)(25)(24)(23)(22) (ort 
(art (14)(13)12)C1 I)1.0)(9)(8)(7)(6)(5)(4)(3)(2)0) 


=2 319 959 400 


Cy _ 2 319 959 400 
7 
<C, 10 


2-4 =— =] remainder 3 
7 7 


Both expressions have the same remainder, so, the statement is true. 


= 331 422 771 remainder 3 


c) Seven remainders are possible when dividing by 7. They are 0, 1, 2, 3, 4, 5, and 6. 

d) Example: First, I would try a few more cases to try to find a counterexample. Since 
the statement seems to be true, I would write a computer program to test many cases in an 
organized way. 


Section 11.2 Page 536 Question C1 


No, the order of the numbers on the lock matters, so a combination lock would be better 
called a permutations lock. 


Section 11.2 Page 536 Question C2 


a) ,G,= is the formula for calculating the number of ways that b objects can 


a! 
(a—b)!b! 
be selected from a group of a objects, if order is not important. For example, if you have 
a group of 20 students and you want to choose a team of any three people. 
b)a=b c)b>=0 
Section 11.2 Page 536 Question C3 


Example: Assuming that the rooms are the same and so any patient can be assigned to 
any of the six rooms, this is a combination situation. Beth is correct. 
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Section 11.2 Page 536 Question C4 


Step 1 


Examples: 


P(225°) P(315°) 


P(270°) 


Number of 
Quadrilaterals of Each 
Shape Shape 
square 2 
rectangle 4 
parallelogram 0 
isosceles 24 
trapezoid 
Step 3 


In general, there are gC, = 70 possible quadrilaterals. Because of the symmetry of the 
points on the circle, some of these quadrilaterals are the same. 

Section 11.3 The Binomial Theorem 

Section 11.3 Page 542 Question 1 

al 4641 

b) 1 8 28 56 70 56 28 8 1 

c) 1 11 55 165 330462 462 330 165 55 11 1 

Section 11.3 Page 542 Question 2 

a) 2Co 2Ci 2C2 

b) 4Co 4C1 4C2 4C3 4Cy 


C) 7Co 7C1 7Cy 73 7C4 7Cs 706 7C7 
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Section 11.3 Page 542 Question 3 


3! 6! 1! 
a) 3C, = b) 6C3 = c) 5p = 
(3-—2)!2! (6—3)!3! (1—0)!0! 
3! 6! 1! 


~ 112! ~ 313! 110! 
Section 11.3 Page 542 Question 4 
The expansion of (x + y)", contains n+ | terms. 
a) 4+1=5 b) 7+1=8 c) qt+l 
Section 11.3 Page 542 Question 5 


a) (x+y) = 2Colx)"(Y)? + 2Cilxy” (yy! + 2Calxy*(y)? 
= Ixy? + 2x'y! + 1x°y 
=x +2xyt+y? 


b) (x + yy’ = 3Colx)*(y)’ + 3Ci(xy"(y)' + Cay? (vy + 3Caxy 
Substitute xX=a and a 1. 
(a+ 1) = 3C(ay’(1)’ + sCi(ay '(1)' + 3C,(ay’ 71’ + 3C3(ay’ °° 
= = la’ + 3q° + 3a+ 1la° 
=@4+3a+3at1 


c) (x + y)* = 4Co(x)"(y)” + aCi(x)* "J! + aaa)" 7(y)? + sax)? + aCalxy* “yy 
Substitute x = 1 and y=-p. 
(1 — p)* = 4Co(1)*(-p)? + Ci)" "Cp! + a1) 7p’ + 4314 Fp’ + 4Ca1)* “4 py* 
= 1(1)"Cp)’ + 40°C)! + 61°) + 41)" py’ + 10)° py" 
=1+4(-p) + 6p’ + 4p’) + p* 
=1-4p+ 6p’ — 4p’ + p* 


Section 11.3 Page 542 Question 6 


a) (x + y)° = 3Co(x) (vy) + 3Cilxy (yy! + 3Calxy> 7”) + 3Cxx*”)? 
Substitute x = a and y = 3b. 
(a + 3b)’ = 3Co(a)*(3b)° + 3C,(a)’~ '(3b)' + 3C,(a)?*(3b)” + 3C3(a)?°(3b)? 
= 1(a)°(1) + 3a°(3b) + 3(a)'(3b) + 1a°(3b)? 
= a+ 9a’b + 3a(9b’) + 1(27b*) 
= a+ 9a°b + 27ab* + 27b° 
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b) (x + y)” = sCo(x)°(y)" + sCi(x)”'(y)' + sCa(x)” 2)? + sCa(x)”*(Y)? + sCa(x)? 70)" 
+ sC3(x(v)? 
Substitute x = 3a and y = —2b. 
(3a —2b)° 
= sCo(3a)(—2b)" + sC\(3a)*> '(-2b)' + sC2(3a)* *(-2b)” + sC3(3.a)° (2b) 
+ sC4(3a)~ “(—2b)* + sCs(3a)~ *(-2by° 
= 1(3a)°(1) + 5(3a)(—2b) + 10(3a)*(—2b)* + 10(3a)°(—2b)* + 5(3a) '(—2b)* + 1(3a)°(-2b)° 
= 243a° + 5(81a*)(—2b) + 10(27a*)(4b”) + 10(9a”)(-8b*) + 15a(16b*) — 32b° 
= 243a° — 810a*b + 1080a*b* — 720a7b* + 240ab* — 32b° 


c) (x + yy" = 4Co(x)"(y)” + C(x) "()! + 4Ca(x)* 70? + 4Ca(x)* FY? + 4Ca(x)* “07 
Substitute x = 2x and y =—5. 

(Qx—5y" 

= 4Co(2x)*(—5)° + 4C1(2x)*~ '(—5)! + 4Ca(2x)* (5)? + 4C3(2x)* 3-5)? + 4Ca(2x)* “(5 
= 1(2x)"(1) + 4(2x)5(—5) + 6(2x)°(-5)? + 4(2x)'(—5)° + 1(2x)°(-5)* 

= 16x" — 20(8x°) + 6(4x”)(25) + 8x(—125) + (1)(625) 

= 16x" — 160x°* + 6400x” — 1000x + 625 

Section 11.3 Page 542 Question 7 

a) sixth term of (a + b)’: 9Cs(a)‘(b) = 126a*b” 


b) fourth term of (x — 3y)*: 6C3(x)°(—3y)* = 20x*(-27y*) 
= —540x°y" 


c) seventh term of (1 — 2t)'*: 14C6(1)8(—2t)° = 3003(64¢°) 
= 192 1920° 


d) middle term of (4x + y)*: 4C2(4x)"(y)’ = 6(16x°)(y") 
= 96x’y" 


e) second last term of (3w” + 2 )*: gC7(3w’)'(2)’ = 8(3w’)(128) 
= 3072w? 


Section 11.3 Page 542 Question 8 


All outside numbers of Pascal’s triangle are 1s. The middle values are determined by 
adding the number to the left and right in the row above. 


Section 11.3 Page 542 Question 9 
a) 1;1+1=2;1+424+1=4,14+3+3+1=8,1+4+6+4+1=16 
b) 2° or 256 


—] ‘ 
c) 2" ’, where n is the row number 
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Section 11.3 Page 542 Question 10 


a) The sum of the numbers on the handle equals the number on the blade of each hockey 
stick. 


b) No; the hockey stick handle must begin with 1 from the outside of the triangle and 
move diagonally down the triangle with each value being in a different row. The number 
on the blade must be diagonally below the last number on the handle of the hockey stick. 


Section 11.3 Page 542 Question 11 
a) The expansion of (x + y)'” contains 12 + 1 = 13 terms. 


b) The coefficient of the fourth term involves 12C3. 


1-3,.\3_ «12! 9.3 
fourth term: ,,C,(x)~~(y) “a3 31” iy. 


12! 4 3 
=X 
913! 
12(11)(10) (5 a 
= Xx 
AVQAM : 
= 220x’y* 


c) The greatest coefficient is in the middle of the row. 


pie or 6 
2, 


icf eee 
(12 —6)!6! 
_ 12! 
~ 616! 
_ 120 YA0O)EM7) (oS 
ph (6)(5)(4)(3)(2) (1) 
=924 


Section 11.3 Page 543 Question 12 


a) number of terms =n + | b) number of terms =n+ 1 

i ee 6=n+1 

4=n =n 
Substitute a= x, b=yandn=4: Substitute a= 1, b=-yandn=S: 
(a+ b)"=(x+y)" (a+ b)"=(1-yy 
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Section 11.3 Page 543 Question 13 


a) No. While 11°= 1, 11' = 11, 11° = 121, 11° = 1331, and 11* = 14 641, this pattern only 
works for the first five rows of Pascal’s triangle. 


b) m could represent the row number minus 1, m < 4. 


Section 11.3 Page 543 Question 14 


a) (x+y) =x° + 3x’y + 3xy’ ty’, (x-y)? =x? - 3x’y + 3x’ -y? 
The signs for the second and fourth terms are negative in the expansion of (x—y)’. 


b) Left Side = (x+y) +(x-y) 
aS Dee. sj De pine ie a3 2 2 3 
=X 3x‘y + 3xy ry + x” — 3x’y + 3xy —y 
=2x°+ 6xy" 
= 2x(x° + 3y’) 
= Right Side 


c) (x+y) — (xy) =x? + 3x’y + 3xy’ y’ — (x° - 3x’y + Bxy’-y’) 
=x°+3x’y+ 3xy y—x> + 3x’y—3xy’+y° 
= 6x’y + 2y° 
= 2y3x’ +y’) 


The expansion of (x + y)’ — (x —y)* has coefficients for x° and y” that are reversed from 
the expansion of (x + y)* + (x — y)’; also the common factors 2x and 2y are reversed. 


Section 11.3 Page 543 Question 15 


a) Case 1: no one attends, Case 2: one person attends, Case 3: two people attend, Case 4: 
three people attend, Case 5: four people attend, Case 6: all five people attend 


b) Case 1: 1 way Case 2: 5 ways 
Case 3: Case 4: Case 5: 
' ' ' 
5C, = a 5C3 = = 5C, = a 
(5-—2)!2! (5—3)!3! (5-4)!4! 
5! 5! 5! 
~ 3121 213! 114! 
1 1 il 
_5(4) BF _ 54) BY _ Sat 
wt (2)(1) (2) 24 a 
=10 =10 =5 
Case 6: | way 


Total number of combinations: 1 +5+10+10+5+1=32 


c) The answer is the sum of the terms in the sixth row of Pascal’s triangle. 
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Section 11.3 Page 543 Question 16 


a) 
H HHH 
HOST HHT 
roH HTH 
T HTT 
H THH 
rut THT 
/H TTH 
TST TIT 


b) (H+ T) =HHH + HHT + HTH+ HTT + THH + THT + TTH+ TIT 
=H? +H?T+H°T+HT?+WT+HT’?+HT?+T? 
=H? +3H’T + 3HT’?+T° 


c) H’ represents getting a head for each of three coin tosses and is the first term of the 
expansion of (H + T)*. 3H’T represents the possibility of getting two heads and one tail 
during three coin tosses and is the second term of the expansion of (H + TY)’. 


Section 11.3 Page 543 Question 17 


a) (x + y)’ = 3Co(x)°(y)° + 3Ci(x)?~ (yy! + 3Ca(x)? 7 + 3C3(x)? OY 
= 3Co(x)°(y)” + 3Ci(x)°(y)' + 302) + 3C3(x)"(V? 
= 3Co(x)° + 3Ci(x)(y)' + 3C2(x)'(Vy + 30x) 


Substitute x = — and y=2. 


= 
b 


a 1 a 2 3 
[f4 2) - (2) +, (2 ) (2) + 3C, (=| (2) + ,C,(2) 


-(2 at Jorna(g Jee) 


= ¢ #6 2 28 
b b? b 
b) (x+y)! = aColx)'(y)? + Cx" 1)! + 4Ca00)* 7" + 4Ca)" 7 + 4Cale)* “0 
= 4Co(x)* + 4Ci(x)*(y) + 4Ca(x)(y)? + 4C3(x)'(y)* + 4Ca(x)"(y)* 


Substitute x = : and y =—a. 
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a 7 a) a) = 
f-a) -.c,(] +02) (-a)+,C [Z ) (— ay + c(t )e a)’ + RA: ) (- a)* 
a‘ a 
=} S]coro & - ya[e }e a*)+(1)(a*) 


c) (x+y)? = 6Co(x)°)? + 6CyX)” "(+ Cal)? “OY + Cae” “OY + 
6Cylx)”” ‘yy + §Cs(x)? ‘oy + Col)" = 
= 6Co(x)°(1) + 6CuUKY(Y) + 6CaX) (VY F 6C3X)P (VY + 6Ca(x)(y)* + 
6Cs(x)'(y)> + 6Colx)(v) 


Substitute x = 1 and y= 


ot : i % 3 of # 4 
[1-%) = ,C,(1) + C0) [-*}+. C. oy: (-¥) + 6C,(1) (-*) + 6C,() (-*) 
if Xx ; of x ° 
+.Cs() (-£) + 6C,) [-*) 
=1(1)+6(1) (-] + isa * + 20(1) [-2 +15(1) =} 6(1) [-2| +1(1) [=] 
3 ¥ 2 5 ie 3 age 6 
sed} )oael | sJea[-3 5} =) 


15, 5 3,15 ae a 
2 16 16 64 


d) (x + y)* = 4Colx)) (y) + aC) (yy! + C(x)" ‘Wy + 4Ca(x)" W), faa ‘yyy 
= 4Co(x)* + 4Ci(xy'(y) + 4C2(x)(y)” + 403(x)'(v)° + 4Ca(x)"(v)* 


Substitute x = 2x? and y = we : 
x 
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(27-2) = ,C,(2x’)* + ,C,(2x’)° [-2}+.a@x7 (-=] + ,C,(2x’)! (-=] + ,C,(2x’)° (-=] 
xX x xX xX x 
= 12's!) +42 - 1) 62%s (5) -4ae(-5) 10f S| 
xX xX xX 
Oe 
= 16x* +4(8x°)| —— |+6(4x*)| — ]+8x°| -= |+ 
xX xX 


2 
sige +24x ‘(=)- a 
xX 


3 4 
x 


gf - 
z 
“160-294 ,| Zee 
x? x * 
= 16x*® —32x° +. 24x’? eee 
xX x? 


= 16x*® —32x° + 24x? —8x' +x" 
Section 11.3 Page 543 Question 18 


a) middle term of (a — 3b°)*: sC,(a)® “(—3b°)* = 70(a)*(81b”) 


= 5670a‘b'” 
l 10 
by) | x= 
(e-F) 


= Gla y+ WG (02) (—2} + wry (-] + yey (-4] + yeae(-2] + Cs) [-2} + 1c,cry'(-4) 
x x x x x x 
*y( ‘ ail a) ail ‘y “s( al 
+ 19, (X ) a + 1p Cg (x ) ~~ + 19Cy(x ) = + pCi (x ) ere 
x x xX xX 
=1(x"°)4 10¢e")( -2 as" + : Jer2000(-4]-2100[4}s 
rata) etanes (Joss snes ( ono) 
= |+ 210(x°) +120(x°)} —— |+45(x*) 10(x’) 1(1) 
x x 
a = 106% [4 _ss005| |- re J, }e2100[ “| 
x! i 2 
sat joao | aes) eased ; | oy 7 
2 x8 x4 x? 
10 


» 120 45 
es ot 


te 
ene 


25160" - 


Woy 


= x” —10x'7 + 45x'4 —120x!! + 210x* —252x° +210x 


The fourth term is —120x"'. 
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Section 11.3 Page 543 Question 19 


12 
a) G -2| 
x 
= poy + C, (x°)"! (-2}s mo a). (-] + ees) (-] + gC,(x)° (-2] + Cs (x’)’ (-=] + Gdey (-] 
x xX x x x x 
a go) (-2] + pose)” (-2] + LGCy (-] + Bogor) (-2] + wiry (-2] + poner): (-] 
x 
=1(x")4 120( 2) 0602 -)+2anaty(-2}saosety( 2. -}+79ae9[ -2 oe (3 ) 
x® 
+7930 ~2 2 feaosce! (2 ;} +2200 - 29° 2 +66 (2 + ie an) + (27 
x? x x 


By inspection, the fifth term is a constant. 


1 
495 x* 


98 
1 

=126 720 

The value of the constant is 126 720. 


1 12 
6 [3 
12 ul 1 10 1 . 9 1 ( 1 ; 1 ; 1 
= pOo(y) + pG(y) [Ene (- 7 + »;3(y) (-5) +C, (y)° [- 5) + CG; (y)’ [-) + CG, (y)° - 7 
y y y y y 
: 1 7 ; 1 8 1 9 1 ul ; 1 2 
+ »C,(y) [-) + oC,(y) [-S) + »Co(y) [-) + 2Gio(y)” [- +) 2G (- +) + 9C(y) [-) 
y y y y 
=l(y)” 4 120)" -J =} say" =} +2200 [=] +4950 (4 ;} +9207 [-J +) +924(y)° - u +) 
a y y 
(oe) ore) e007 se] 407-55) +207(- ge} 10x) 
+792(yy| -— | +495(y)"| -— | +220(y) 5 + 66(y) 5 +12(y)! 5 l(y) 5 
y y y y y y 


By inspection, the fifth term is a constant. 


1 
1 
495 y¥| — |= 495 
y 


The value of the constant is 495. 
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Section 11.3 Page 543 Question 20 


(2x — m)! 
= 7Co(2x)/(—m)° + 7C\(2x)°(—m)! + 7C2(2x)° (=m)? + 7C3(2x)*(—m)? + 7C4(2x)*(—m)* 
+ 7C5(2x)°(—m)°> + 7Co(2x)'(—m)° + 7C7(2x)°(—m)’ 
= 1(2’x’)(1) + 7(2°x®)(—m) + 21(2°x°)(m?) + 35(24x*)(—m3) + 35(2?x*)(m*) 
+21(27x*)\(=m*) + 7(2x)(m°) + 1(1)(-m’) 
= 128x’ — 448x°m + 672x°m* — 560x*m? + 280x'm!* — 84x°m? + 14xm° — m’ 


The term in the expansion that contains x* is —560x‘m?. 
Solve: 
—560x*m? =—15 120x*y* 


m= 
wal 
m =27y° 
‘ln? = 3/3358 
m=3y 


Section 11.3 Page 543 Question 21 


Example: 

Step 1: The numerators start with the second value, 4, and decrease by ones, while the 
denominators start at 1 and increase by ones to 4. 

For the sixth row: 


Step 2: The second element in the row is equal to the row number minus 1. 


Step 3: The first two terms in the 21st row of Pascal’s triangle are 1 and 20. The 
19 18 3 2 1 

x—, Xx— —, x—. 
2 3 20 


ny a ee ° 


multipliers for successive terms are nar x rear 
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Section 11.3 Page 544 Question 22 
a) Each entry is the sum of the two values in the row below it to the left and the right. 


1 1 1 1 1 1 


6 30 60 60 30 6 
| re re rs ee ee 


7 42 105 140 105 42 7 


b) 


c) Example: Outside values are the reciprocal of the row number. The product of two 
consecutive outside rows values gives the value of the second term in the lower row. 


Section 11.3 Page 544 Question 23 


Consider a+ b=x and c =y, and substitute in (x + yy =x + 3x’yt3xy ty’, 
(a+b+cy =(a+by’ +3(a + bye t+ 3(a + b)c* +¢3 
= =e 3a°b + 3ab* + b’ + 3c(a" + 2ab + b’) 3 3ac’ 4 
= a> +3a°b + 3ab’ + b* + 3a°c + 6abc + 3b°c + 3ac” 


3bc 
t fons 


Cc 
3bc° 4 


Section 11.3 Page 544 Question 24 


a) 
oa 2 
ev 
Big el gle 
¥i/S5\/8/5|#| 2% 
5/2 3 8/5 
Diagram 2\S\#2\3/8\|2 
° a. 
{ 1 
2);1 
3;3/]1 
4°'.6/)/4)/1 
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b) The numbers are values from row 1 to row 6 of Pascal’s triangle with the exception of 
the first term. 


c) The numbers will be values from the 8th row of Pascal’s triangle with the exception of 
the first term: 8 28 56 70 56 28 8 1 


Section 11.3 Page 544 Question 25 


1 1 1 1 1 
a) e= | i lees 

oO! df 2! 3! = 4! 

1 1 1 1 1 
w—-+ + + + 

Il 1 20a) 32)0) 4@G3)2)0) 
x1l+14 = 2 t 2 

2 6 24 


24 24 24 24 24 
3 244 244124441 


24 
_ 65 
~ 24 
w 2.7083... 
The approximate value of e is 2.7083. 
b) Using seven terms, Using eight terms, 
65. 1 1 19571 
e2x—t+ — + — ez —— + — 
24 5! 6! 720 = 7! 
es ee a as Peale —— 
24 S(A)3B)2)0) 65) HGB)(2)) 720, 7(6)(5)(4)(3)(2)() 
te Si ooh Me 
"24 120 720 ~ 720 5040 
~ 1950, 6 in 1 le 699 1 
720 720 720 5040 5040 
ey _ 13.700 
~ 720 ~ 5040 
~ 2.7180... w 2.7182... 


The value of e becomes more precise for the seventh and eighth terms. The more terms 
used, the more accurate the approximation. 


c) The value of e is approximately 2.718 281 828. 


d) Using Stirling’s approximation, 
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n'=(4) V2nn 

e 
15 15 

15! (4) 4/27(15) 
e 


~ 1.3004 x 10” 

Using a calculator, 

15! = 15(14)(13)...(3)(2)(1) 
= 1.3076... x 10” 


e) Using the formula from part d), 


n!s (=| V2mn 


e 


50 50 
50! = [= /27(50) 
e 
~ 3.036 344... x 10 
Using the formula from part e), 


(2) 


2n 


so1={ =) JPAG0){ 1+ : ) 
e 


12(50) 


~ 3.036 344... x 10% | 
600 


~ 3,036 344... x 10% arta) 
600 600 


~ 3.036 344... x 10% *) 
600 


= 3.041 404... x 10™ 
Using a calculator, 


50! = 50(49)(48)...(3)(2)(1) 
= 3.041 409 32 x 10% 


The formula in part e) seems to give a more accurate approximation. 


Section 11.3 Page 545 Question C1 


The coefficients of the terms in the expansion of (x + y)" are the same as the numbers in 
row n+ 1 of Pascal’s triangle. 

Examples: (x + y)’ = x’ and 2xy + y’ and row 3 of Pascal’s triangle is 1 2 1; 

(x+y) =x 4 3x°y + 3xy” 4 a and row 4 of Pascal’s triangle is 1 3 3 1. 
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Section 11.3 Page 545 Question C2 


Examples: 
a) Permutation: In how many ways can four different chocolate bars be given to two 
people? 


Combination: Steve has two Canadian dimes and two U.S. dimes in his pocket. In how 
many ways can he draw out two coins? 


Binomial expansion: What is the coefficient of the middle term in the expansion of 
(a+b)? 


b) All three problems have the same answer, 6, but they answer different questions. 
Section 11.3 Page 545 Question C3 

Examples: 

a), b) For small values of n, it is easier to use Pascal’s triangle, but for large values of n, 
it is easier to use combinations to determine the coefficients in the expansion of (a + b)”. 
Chapter 11 Review 


Chapter 11 Review Page 546 Question 1 


a) 

yo MMM 

' < Ff MME 
_M MFM 

FF MF 

_-M FMM 

: Ae FMF 
_-M FFM 

Fe FFF 


b) There are three outcomes that give them one boy and two girls: MFF, FMF, FFM. 
Chapter 11 Review Page 546 Question 2 


a) You can leave or enter using any of the gates. 
9(9) = 81 
There are 81 ways to enter and leave the stadium. 


b) ways to enter through a north gate: 4 ways 

ways to leave through any other gate: 9 — 1 = 8 ways 

4(8) = 32 

There are 32 ways to enter through a north gate and leave through any other gate. 
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Chapter 11 Review Page 546 Question 3 
a) Bite has four different letters. There are 4! = 24 ways to arrange the letters. 


b) There are six letters in bitten. There are 2! ways to arrange the two t’s. 


6! 6(5)(4)(3) (245 


2 


1 
= 360 
The number of different six-letter arrangements is 360. 


c) There are six letters in mammal. There are 2! ways to arrange the two a’s and 3! ways 
to arrange the three m’s. 


6! 6(5)(4) BY 


213! -2(1) (347 


= 60 
The number of different six-letter arrangements is 60. 


d) There are 12 letters in mathematical. There are 2! ways to arrange the two m’s, 3! 
ways to arrange the three a’s, 2! ways to arrange the two t’s. 


12! 
2!3!2! 
ao, Zt 
The number of different 12-letter arrangements is TETEYS 


Chapter 11 Review Page 546 Question 4 


a) There are 2! = 2 ways to arrange Anna and Cleo together. Considering them as one 
object means there are four objects to arrange in 4! = 24 ways. Since Anna and Cleo must 
be seated together, there are 4!2! = 48 ways to arrange the people. 


b) There are 2! = 2 ways to arrange Anna and Cleo together, and 2! ways to arrange Dina 
and Eric. Considering each pair as one object means there are three objects to arrange in 
3! = 6 ways. Since each pair must be seated together, there are 3!2!2! = 24 ways to 
arrange the people. 


c) Total arrangements of five people: 5! = 120 
Ways of seating Anna and Cleo apart = total arrangements — ways of seating them 
together 
= 120 — 48 (from part a)) 
= 72 
There are 72 ways of seating Anna and Cleo apart. 
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Chapter 11 Review Page 546 Question 5 
a) 7! = 5040 


b) There are 4! ways to arrange the consonants, and 3! ways to arrange the vowels. 
Case 1: start with a vowel 
Arrangements with vowels and consonants alternating: 4!3! = 144 


Case 2: start with a consonant 
Arrangements with vowels and consonants alternating: 4!3! = 144 


Total number of possibilities: 144 + 144 = 288 


c) There are 3! = 6 ways to arrange the vowels in the middle. There are 4! = 24 ways to 
arrange two consonants on each end. 
413! = 144 


Chapter 11 Review Page 546 Question 6 


a) Case 1: no digits 
There are 26" = 456 976 ways to create four-digit passwords using letters that may repeat. 


Case 2: one digit 
There are 10(26)(26)(26) = 175 760 ways to choose the characters, and eight possible 
positions for the digit. 


Total number of possibilities: 26* + 4(10)(26*) = 1 160 016 


b) Case 1: no digits 
There are 26° = 208 827 064 576 ways to create eight-digit passwords using letters that 
may repeat. 


Case 2: one digit 
There are 10(26’) ways to choose the characters, and eight possible positions for the digit. 


Total number of possibilities: 26° + 8(10)(26’) = 851 371 878 656 


c) 851 371 878 656(10) — 1 160 016(10) 


= (8 513 707 186 400 o(? al ea IE oy) | year 
60s /\ 60 min /\ 24 h /\ 365 days 


= 270 000 years 


It would take about 270 000 years longer to check all of the eight-character passwords 
than to check the four-character passwords. 
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Chapter 11 Review Page 546 Question 7 


n! + (n—-1)!_ n(n-1)! + (n-1)! 
n! — (n-1)! n(n-1)! — (n-D! 


_ (p-tilin+1) 
— ty!(n-1) 


a) 


(x41)! + (x-D! (x4 1(x)(x-1)! + (x1)! 
b) = 
x! x(x-1)! 
—(X-DYNA+ D(X) + 
7 x(x-I1)! 


petit +x 41] 
7 x (xt! 


1 


xX +xX +] 


x 


Chapter 11 Review Page 546 Question 8 


10! b) There are 10-3 =7 good light 
a) 10s = 75 aia bulbs 
(10-4)!4! 
_ 10! Ghee Sp age 
~ id! (7-2)12! (3-2)!2! 
| nae 
1019 18)(7) 65 oe ae 
(4)(3)(2)) 
eo _ 7(6) (8!)  3(2)0) 
= 210 — A(2))— (2) 
You can select four light bulbs A 0) Cx) 
in 210 ways. =63 
There are 63 ways to select the light 
bulbs. 
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Chapter 11 Review Page 546 Question 9 


10! 10! 


a) C; =———— b) ,.P, =——— 
(10 —3)!3! (10-4)! 
_ 10! _ 10! 
~ 713! ~ 6L 
10498) 45, 1009987) 466 
MB2\() ph 
=120 = 5040 
Cc) 5C, x ;PR= 2 x = 
(5—3)!3! (5-2)! 
5! 5! 
“2131 3t 
54) 8H 54,86) 
ame“ # 
= 200 
( He 15(14)(13)(12) wy ( 6! 
d) | —— | ,P, =| ——————_— 
ANI! 4(3)(2)(1) (HI | (6-3)! 


! 
=1365{ £ 
3! 


“age 98) 55 
x 


= 163 800 
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Chapter 11 Review Page 546 Question 10 


a) Case 1: Use | coin Case 2: Use 2 coins 
4! 4! 
(OPS ae (OS = eae 
(4-1)!1! (4—2)!2! 
4! 4! 
~ 31(1) 212! 
1 1 
4 (31) _4G)2 
of AV) 
1 
Case 3: Use 3 coins Case 4: Use 4 coins 
4! 4) 
(§C5 > aaa {i> aa 
(4-3)!3! (4—4)!4! 
4) 4) 
~ 113! 014! 
1 1 
4 (8!) 7 !) 
(1) 34 (I) at 
= a4 


Total number of ways: 4+6+4+1=15 


b) Amounts below are in cents. 

From Case 1: 1, 5, 10, 25 

From Case 2:1+5=6,1+10=11,1+25=26,5+ 10=15,5+25 = 30, 10+ 25 =35 
From Case 3:1+5+10=16,1+5+25=31,1+10+25 =36,5+ 10+ 25 =40 
From Case 4:1+5+10+25 =41 


Chapter 11 Review Page 546 Question 11 


a) nC, = 28 
_ mt ng 
(n—2)!2! 

n(n—1)(n—2)! 
(n—2)! 


n(n—1) (n=2y! | 
om 28(2)(1) 


1 


n(n—1)=56 
8(7) = 56 


= 28(2!) 
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By inspection, n= 8. 
gC = 28 


Left Side = gC Right Side = 28 
8! 


~ (8—2)!2! 
8! 
~ 612! 


_ 87) (69 
p (2)(1) 


=28 
Left Side = Right Side 


b) nO; = 40,2) 


n! = n! 
(| 


nin—Din-2) (0-37 _, n(n—1) (9-251 
! 


(o-39!3! oa! 
nO OD —an(n-1) 
# (pT) (n—2) ea 
oa 
n—2=4(3)(2)() 
n=24+42 
n=26 
26C3 = 4(nP2) 
Left Side = 216C3 Right Side = A(26P2) 
_ 26! _4{ 26! 
~ (26 —3)!3! (26-2)! 
__26! _ (26! 
~ 2313! si 4 
: 26(25)(24) (2315 26(25) (ATS 
HB(HW 4 oe 
=o = 2600 


Left Side = Right Side 
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Chapter 11 Review Page 547 Question 12 


seeeie LO! BT 
(10—2)!2! (8—3)!3! (5—5)!5! 
— rorst sf 
$f 21513101 4 
_ 10! 
2151310! 
_ 10(9)(8)( 76) (S1T 
2(1) (549 (3)(2)()(1) 


= 2520 
There are 2520 ways to break the students into groups. 


Chapter 11 Review Page 547 Question 13 


a) Example: 
Permutation: How many arrangements of the letters AAABB are possible? 
Combination: How many ways can you choose three students from a group of five? 


b) Yes, since 2 + 3 = 5, the number of ways of selecting two out of a group of five is the 
same as the number of ways of ‘rejecting’ the remaining three. 
D! 5! 
sO ea Ao erat 
(5—2)!2! (5—3)!3! 
3! 5! 
~ 312! ~ 213! 


Chapter 11 Review Page 547 Question 14 

a) The row below 1 2 lis1 3 3 1. 

b) The row below 1 8 28 56 70 56 28 8 lis1 9 36 84 126 126 84 36 9 1. 
Chapter 11 Review Page 547 Question 15 

Examples: 


Using multiplication, determine the coefficients by expanding, collecting like terms, and 
writing the answer in descending order of the exponent of x. 


(x+y) =(xty\xty\xty) 
=x? + 3x’y + 3xy’+y° 


Using, Pascal’s triangle, coefficients are the terms from row n + | of Pascal’s triangle. 
For (x+y)’, row4is1 3 3 1. 
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Using combinations, coefficients correspond to the combinations as shown: 
(x +yy = 3Cox'y” + 3Cix’y" + 3CoC Ix'y* +3C3x°y° 


Chapter 11 Review Page 547 Question 16 


a) (x+y) = sCo(x)(y)” + sCi(x)"(y)' + sCox VY + sCa(x) (V+ sCax)'(y)* + sCa(x)°Y? 
= 1(x)P(1) + 5(x)"(Y) + LORYPOY + LORXYOY + S)(Y)* + LDOY 
=x? + 5x*y + 10x°y* + 10x°y? a5 5xy" +y~ 

Substitute x = a and y = b. 

(a+b) =a>+5a‘b + 10a°b’ + 10a7b* + Sab* + b° 


b) (x+y) = 3Co(x)*(y)° + 3Cix)"(y)' + 3a)" + 303)" 
= 1x1) + 3x") + 3@—Q)VY + LD)? 
= (x) + 3x) + 3X)" +)? 


Substitute y=-3. 

(x-3)y = (xy + 3(x)°C 3) + 3@)3Y + 3) 
= x° — 9x” + 3x(9) + (-27) 
=yr Ox +x = 27 


c) (x + y)* = 4Co(x)“(y)? + aCie)*(y)' + 4Calx)’(yy? + 4C3(x) (VP? + 4Calx)°(y)* 
= 1(x)*(1) + 40x)°() + 6X)” + 4@)(VP° + 1)" 
= (x) + 4(xy(y) + 6(x)"(y) + 4@OVY’ + )" 

1 


x? 


[2° -) =(2x°y' 4408") - J, +60" (-) +4(2x? '- =| +(-=) 
x x x x x 
1 


=(2'x") +42%x9(-J = |+oa'x( 5 : ; e402" - = 
x" x 


Substitute x = 2x” and y=- 


=i +6 : ele vax! ae 


x° 


=16x* 32x? $244 


Chapter 11 Review Page 547 Question 17 

a) third term of (a+b): 9C,(a)’ *(b)’ = 36a’b* 

b) sixth term of (x — 2y)°: 6Cs(x)°°(-2y)? = 6(x)'(—2°y°) 
5 


= 6x(-32y”) 
=—192xy° 
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l 6 i 6-3 l 3 
c) middle term of (4-22?) : G{ ) (—2x°) = 20{ ) (—2°x°) 
x x 


x 


xX 0 
= —160x° 
Chapter 11 Review Page 547 Question 18 
a) b) Pascal’s triangle values are shown with the 
IEE 351 Fol 126 B top of the triangle at point A and the rows 
1 appearing diagonally up and right of point A. 
4) 10} 20) 35) 56 


3 
2 


W 4 


6| lol 15! 21 c) From the diagram in part a), there are 
126 pathways from A to B. 
3; 4 5) 6 
a ee 


d) There are four identical moves up and five identical moves right. 


Number of pathways: (45)! = ee 
415! 415! 
7 9(8)(7)(6) (HS 
4(3)(2)(1) (SY 
=126 


There are 126 pathways from A to B. 
Chapter 11 Review Page 547 Question 19 


a) To move all of the green counters to the left side, each green counter must jump over 
the yellow counters that are to the left of it. 

0+14+2+3+44+54+6+7+8+9=45 

It takes 45 moves to separate the green and yellow counters into two groups. 


b) Two counters: 0 + 1 = 1 move; three counters: 0 + 1 + 2 =3 moves; four counters: 
0+ 1+2-+3=6 moves, and so on up to 12 counters: 
0+1+2+34+4+5+6+7+8+9+410+ 11 = 66 moves 

The pattern is the sum of the numbers up to one less than the number of counters of each 
colour. 


c) 25 counters:0+1+2+3+...+22+23 +24 =300 
It takes 300 moves to separate 25 counters of each colour. 
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Chapter 11 Practice Test 


Chapter 11 Practice Test Page 548 Question 1 


There are four choices for the first digit (1, 2, 8, 9), four choices for the middle digit, and 
three choices for the last digit. 

4(4)(3) = 48 

The answer is C. 


Chapter 11 Practice Test Page 548 Question 2 


The word sweepers has eight letters, with 2 s’s and 3 e’s. 


8! FNOSAODAY 
2!3! 2(1)(3)(2)(1) 
= 3360 
The answer is D. 


Chapter 11 Practice Test Page 548 Question 3 


7! 6! 5! 


C3 XC xX <G3= x x 
EH SNES, (POON, MEG ELOY C5 NAT 


1 


7! 6! rl 


a ee: a 
2! 4t2! 4! 
1 


THAN AAIAODOANAQOIAD 
ZU(NB(ADOAOAMEAHO0OD 
=1575 
The answer is C. 


Chapter 11 Practice Test Page 548 Question 4 


The exponent is 11. So, there are 11 + 1 = 12 terms in the expansion. 
The answer is B. 


Chapter 11 Practice Test Page 548 Question 5 


third term of (2x* + 3y)’: 7C2(2x’)’~°(3y)* = 21(2x°)°(3y) 
= 21(2°x'°) (3°y’) 
= 21(32x'°) (9y’) 
= 6048x!°y” 

The answer is A. 
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Chapter 11 Practice Test Page 548 Question 6 


The next row in Pascal’s triangle is 1 7 21 35 35 21 7 1. 
The sixth number in the row is 21. 
The answer is C. 


Chapter 11 Practice Test Page 548 Question 7 


6! 6S)\H)BV2ZA) 
2!2! 2(1)2() 
=180 
There are 180 possible answer keys. 


a) 


b) AACBDB, ABCADB, ABCBDA, BACBDA, BACADB, BBCADA 
Chapter 11 Practice Test Page 548 Question 8 


P= 


a ey 
(n—2)! 


n(n=1) (D2! __, 


1 
n(n—-1)=72 
n(n—1)=9(8) 
By inspection, n= 9. 
No, n does not equal —8. 


Chapter 11 Practice Test Page 548 Question 9 


a) Determine the number of arrangements of moving down 2 units and right 3 units. 
(243). 3! A 
eee) 


_5(4) BY 5 
2(1) (34h 


=10 . 
There are 10 pathways from A to B. 


b) The number of pathways from A to C is equal to the number of pathways from A to B 
multiplied by the number of pathways from B to C. 
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1 
] ] 43 t 
1 4! ag, 425 


213! 212! 2(1) (245 
1 
=10 x 6 


= 60 
There are 60 pathways from A to C. 


pathways from A to C: 


Chapter 11 Practice Test Page 548 Question 10 


Case 1: one digit number Case 2: two digit number 
5 ways 4 choices for first digit x 4 choices for last digit 
4(4) = 16 


Case 3: three digit number 
4 choices for first digit x 4 choices for middle digit x 3 choices for last digit 
4(4)(3) = 48 


Total number of possibilities: 5 + 16 + 48 = 69 
There are 69 possible numbers. 


Chapter 11 Practice Test Page 548 Question 11 

Permutations determine the number of arrangements of n items chosen ra t a time, when 
order is important. For example, the number of arrangements of 5 people chosen 2 at a 
time to ride on a motorcycle is sP2 = 20. A combination determines the number of 
different selections of n objects chosen r at a time, when order is not important. For 
example, the number of selections of 5 objects chosen 2 at a time when order is not 
important is sC) = 10. 


Chapter 11 Practice Test Page 548 Question 12 


= ORC i (2) + sry (2) sey (2) + paey (2) + Gry (=] a s(x"): (=) + sO) (2) 
x x Xx x Xx x x 
+ C, (ey (2) +E oGg(x') () + Galery: (2) 
Xx x x 
=1(x'*)q)4 ae" 2] s6(x")(2) +840°)(2) +126(x")(2} +126¢3°)(2) +84¢0°(2] 
x x x x x x 
s6(x°)(2) 92) un(2} 
x x x 


ie 12 2 9 3 4 5 6 7 8 9 
oe eee tape + 84(x” ) ee +126¢x")(2) +126¢3")(2) r84(s°)(2) r36(x4)(2) -9¢02] H1en(2) 
Kk es a x xX xX x xX xX 


The term that contains x’ is 84x?(2°) = 672x’. 
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Chapter 11 Practice Test Page 548 Question 13 


a) Case 1: Even Numbers That Start With 5 or 9 

There are 2 choices for the first digit (5 or 9). There are 4 choices for the last digit (0, 2, 
6, or 8). Since two numbers have been used, there are 6 and 5 choices for the second and 
third digits. 

2(6)(5)(4) = 240 


Case 2: Even Numbers That Start With 6 or 8 

There are 2 choices for the first digit (6 or 8). There are 3 choices for the last digit (0, 2, 
and 6 or 8 since one of these numbers was used for the first digit). Since two numbers 
have been used, there are 6 and 5 choices for the second and third digits. 

2(6)(5)(3) = 180 


There are 240 + 180 = 420 4-digit even numbers greater than 5000 that can be formed. 


b) Case 1: Numbers That Start With 5 or 9 

There are 2 choices for the first digit (5 or 9). There is 1 choice for the last digit (0). 
There are 6 and 5 choices for the second and third digits. 

2(6)(5)(1) = 60 


Case 2: Numbers That Start With 6 or 8 

There are 2 choices for the first digit (6 or 8). There is 1 choice for the last digit (0). 
There are 6 and 5 choices for the second and third digits. 

2(6)(5)(1) = 60 


You can form 60 + 60 = 120 numbers. 


Chapter 11 Practice Test Page 548 Question 14 


a) »P, =120 b) 3(,C) =12(,C,) 


n! ~120 n! _L2 n! 
(i=3)! (n—2)!2! 3 \(n-DI!I! 


n(n-1)(n=2) (1-3)! n(n—1) om, Mee 
ws! BANA ‘| oa (1) 


1 


n(n—1)(n—2) = 6(5)(4) ae —1) =4(2)(n) 
By inspection, n= 6. 1 
fae lo, 
A 
n-1=8 
n=9 
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Chapter 11 Practice Test Page 548 Question 15 


(x + y)? = sCo(x)°(y)° + sCi(x)‘(y)! + sCa{x)" ‘oy + sCa(x) (yy + sCa(x)! (y+ sCax)y 
= 1(x)(1) + 5(x)*(y) + 10(x)° ‘oy 7 logy’ (yy + 5(x)(y)* + LOY 
=x? +5x'y+ 10x°y” + 10x°y? + 5xy*+y? 


Substitute x = y and y = = 


3) =o +509'[-3} +100y(-2,| +10(y)" (-3) +5093) (-3) 
y J J Mi 2 y 
2 


2 0 2 0 3 4 5 
= y+5y4|- +10y% = +10y7 a +5 i (-35] 
J 


Ng 
=y' roy" +10{ 4)-1o{ 5) sf $)-( 3) 
As J B 4 4 


40 80 80 32 


7 10 


y y y J 


=y-l0y*+ 


Chapter 11 Practice Test Page 548 Question 16 


a) Considering the a’s as one object means there are four letters to arrange in 
4! = 24 ways. 


b) There are 2! = 2 ways of arranging the two a’s. The total number of arrangements of 
the letters in aloha is 


S!_ SMOQM 
2! 2(1) 
= 60 
If the a’s cannot be together, there are 60 — 24 = 36 ways of arranging the letters. 


c) Determine the total arrangements with a vowel as the first letter. 
There are 3 choices for the first vowel and 4! ways of arranging the remaining letters. 
Since there are 2! ways of arranging the two identical a’s, divide by 2!. 
34) 3 AOA 
2! 2(1) 
= 36 


Total arrangements: 


Then, subtract the number of arrangements with a vowel as the first letter and the 
consonants together. 

Consider the consonants together as one object. Since a vowel must be first, there are 3! 
ways of arranging the final letters. Multiply by 2 since there are 2! ways of arranging the 
consonants together, and divide by 2! since there are 2! ways of arranging the two 
identical a’s. 
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3(3!) (24 
= 3(3)(2)(1 
x (3)(2)0) 


1 


Arrangements with consonants together: 


=18 
Arrangements beginning with a vowel and consonants not together: 36 — 18 = 18 


Cumulative Review, Chapters 9-11 
Cumulative Review, Chapters 9-11 Page 550 Question 1 


a) The transformations involve a b) 
vertical stretch by a factor of 2 about 

the x-axis and a translation of 1 unit 

right and 3 units up. 


oS eee 


c) domain: {x |x#1,x € R}, range: {y|y#3,y € R}, x-intercept: + Jrintercept L, 


horizontal asymptote: y = 3, vertical asymptote: x = 1 
Cumulative Review, Chapters 9-11 Page 550 Question 2 


a) 


Wiaten—Gaeeneds 
“ t 


b) domain: {x|x#-1l,x © R}, range: {y| y#3,y € R}, x-intercept: 5 »Y-intercept —4, 
horizontal asymptote: y = 3, vertical asymptote: x = —1 
Cumulative Review, Chapters 9-11 Page 550 Question 3 


x? —3x 


a) The graph of y= has a vertical asymptote at x = —3, a point of discontinuity at 


(3, 0.5), and an x-intercept of 0. Therefore, graph C represents the function. 
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2 
us - has no vertical asymptote, a point of discontinuity at (1, —2), 


b) The graph of y= 
X+ 


and an x-intercept of 1. Therefore, graph A represents the function. 


xX’ +4x+3 ; : : Peer 
c) The graph of y= aT has no vertical asymptote, no point of discontinuity, and 
x + 


x-intercepts of —3 and —1. Therefore, graph B represents the function. 


Cumulative Review, Chapters 9-11 Page 550 Question 4 
1 1 
a + = 
) x°-9 x43 
: + : =0 
(x-—3)(xX+3) x+3 
1 “ x-3 _0 
(x-3)(x+3) (x-3)(x+3) 
Ce aa 
(x-3)(x+3) 
x-2=0 
x=2 
Check: 
Left Side = ~—_+ : Right Side = 0 
x -9 x+3 
_ ! 1 
(2-9 243 
_! 1 
4-9 5 
1 1 
= —+— 
-5 5 
Left Side = Right Side 
b) a =x+3 
x-3 
8x = (x+3)(x-3) 
8x =x? -9 
0 =x"? -8x-9 
0=(x-9)(x+1) 
x-9=0 or x+1=0 
x=9 x=-l 
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Check x = 9: 
eee 


Right Side= x+3 


Check x =-1: 


KeSiie= = RishiSide=as 


x-3 8.43 x-3 ated 
_ 80) > _ 8-1) 8 
9-3 ae a3 at 
_R = _38 
6 4 
=12 =2 
Left Side = Right Side Left Side = Right Side 
x+4 x+5 
Cc) = 3 
4 x +6x4+5 
1 
X+4 _ xs 
4 (x5) (x41) 
1 
x+4_ 1 
4 xt+l1 
(x+4)\(x4+1=4 
xX’ +4x4+x+4=4 
x’ +5x=4-4 
x(x +5) =0 
x=0 or x+5=0 
x=-5 
Check x = 0: Left Side = X*4 Right Side=—___ +> __ 
4 (0)? +6(0) +5 
_0+4 - 
4 04045 
Left Side = Right Side 
Check x =—5: renee = Right Side= ia 
(-—5)° + 6(-5) +5 
_—5+4 5 
4 25-3045 
rl 5 
4 ~ 0 
Left Side # Right Side 


The answer is x = 0. 
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Cumulative Review, Chapters 9-11 Page 550 Question 5 


a) The roots are —0.71 and 0.71. 


cero 
n=7.7071068 T=0 


b) The roots are 0.15 and 5.52. 


cero 
H=.15108718 = T=0 


cero 
n=.707106°8 T=0 


cera 
H=ECLSeegs =o 


Cumulative Review, Chapters 9-11 Page 550 Question 6 


a) h(x) =(f +9)(X) 
h(x) = f(x) + g(x) 
h(x) =Vx+24+x-2 


k(x) =(f —g)(x) 
k(x) = f(x)-g() 
k(x) = Vx+2—-(x-2) 
k(x) =Vx+2—x+2 


c) f(x): domain {x | x >—2, x € R}, range {y| y>0,y € R} 
g(x): domain {x |x € R}, range {y| y € R} 

h(x): domain {x | x >-2,x € R}, range {y| y>—4, y € R} 
k(x): domain {x | x >—2, x € R}, range {y| y< 4.25, y € R} 
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Cumulative Review, Chapters 9-11 Page 550 Question 7 


a) 


f(x): domain {x |x € R}, 

range {y| ye R} 

g(x): domain {x |—10<x <10,x € R}, 
range {y|O<y<10,y € R} 


b) h(x) =(f -g)) 
h(x) = xV100— x? 


c) 
P=anTcLog-R 


h(x): domain {x |—-10 <x <10,x € R}, range 
ty |-50<y<50,y € R} 


n= T=4H 
Cumulative Review, Chapters 9-11 Page 550 Question 8 
a) 
nog =< £@) k(x) = 9) 

g(x) f (x) 

: 2 
h(x) = ease k(x) = hae 
x -4 xX +3x+2 


1 


hd = (2) (x +) sm a) 
(x—2) (x42) (x47) (x+1) 
x+l1 x-2 


,xX#-2, 2 k(x)= ; 
x-2 x+l1 


h(x) = 
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b) The two functions have different domains but the same range. 
h(x): domain {x |x #—2, 2,x € R}, range {y| y#l,y € R} 
k(x): domain {x | x #-2,—-1, x € R}, range {y| y#l, y € R} 


Cumulative Review, Chapters 9-11 Page 551 Question 9 


Cumulative Review, Chapters 9-11 Page 551 Question 10 
a) Determine the value of h(3). b) Determine the value of f(5). 
h(x) =x° —9 f(x) =x —3 
h3)= (3) -9 iS)=3=3 
h(3)=9-9 f(5) =2 
h(3) =0 
Substitute f(5) = 2 into g(x). 

Substitute h(3) = 0 into f(x). g(f(5)) = g(2) 
f(h(3)) = f(9) = 
f(h(3)) =0-3 g(f(5)) = 5 
f(h(3)) =-3 
Cumulative Review, Chapters 9-11 Page 551 Question 11 
a) (f° gx) = flx— 3) (9° f(x) = 9%") 

(f° g)(x) = (x- 3) ge fx)=x -3 
b) 
i=th-sI5 fesne—s 


HE ve HEM WE°3 


c) Both of the composite functions increase up into quadrant I and decrease down into 
quadrant III. The graph of (f © g)(x) = (x — 3)’ is a translation of 3 units right of the graph 
of f(x). The graph of (g ¢ f)(x) = x’ —3 is a translation of 3 units down of the graph of f(x). 
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Cumulative Review, Chapters 9-11 Page 551 Question 12 


a) Substitute g(x) = 10* into f(g(x)). 
fig(x)) = fU10") 

f(g(x)) = log 10° 

f(g(x)) = x 


The domain of the composite function is {x |x € R}. 


b) Substitute f(x) = sin x into g(f(x)). 
g(f(x)) = g(sin x) 
gif) = = 
sin x 
g(f(x)) = ese x 


The domain of the composite function is {x | x #an,n € R}. 


c) Substitute g(x) = x’ into f(g(x)). 
fig) = fe) 


fg) = 
x -l 


The domain of the composite function is {x | x #+1, x € R}. 


Cumulative Review, Chapters 9-11 Page 551 Question 13 


total possibilities: 2(3)(2)(2)(4) = 96 
There are 96 different meals possible. 


Cumulative Review, Chapters 9-11 Page 551 Question 14 


Total number of arrangements: 6! = 720 

Arrangements with vowels together: Consider the vowels as one object. There are 5! 
ways to arrange the letters and 2! ways to arrange the vowels. 

5!2! = 240 

Since vowels cannot be together, there are 720 — 240 = 480 possible arrangements. 


Cumulative Review, Chapters 9-11 Page 551 Question 15 
! ! 
62 2- 7! re 5! 
(7—3)!3! (5-2)! 
Ts 
= —_—_+ — 
413! 3! 


_ HOS) 54) BY 
MB) at 

=35+20 

=55 
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Cumulative Review, Chapters 9-11 Page 551 Question 16 


There are 5 — 2 = 3 men on the committee. 


6! 7! 
6G, X 70, = ms 
(6—2)!2! (7-3)!3! 
6! 7! 
==. XK 
4I2! 413! 


_ (5) AF 165) AF 
a (2)(1) a (3)(2)(1) 


= 525 
There are 525 ways to select the committee. 


Cumulative Review, Chapters 9-11 Page 551 Question 17 


a) There are 3! ways to arrange the three mathematics books, 5! ways to arrange the five 
history books, and 4! ways to arrange the four French books. The three sets of books can 
be arranged in 3! ways. 


Total number of arrangements: 3!5!4!3! = 103 680 


b) There are 3 ways of choosing the mathematics book for one end and 2 ways of 
choosing the mathematics book for the other end. There are 4! ways to arrange the four 
French books together. Consider the four French books as one object. There are 7 objects 
to arrange between the mathematics books, and this can be done in 7! ways. 


Total number of arrangements: 3(2)(4!)(7!) = 725 760 


Cumulative Review, Chapters 9-11 Page 551 Question 18 
a) (n+4)! = 
(n+2)! 


(n+4)(n+3) (DA2)! _ 
(77 


1 
(n+4)(n+3) =7(6) 
By inspection, n+ 4=7 andn+ 3 = 6. Therefore, n= 3. 
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b) 


POSVO=D) CM 95 


1 


(n—1)(n—2) = 20 
(n—I)(n—2) =S(4) 
By inspection, n— 1 =5 andn—2 =4. Therefore, n = 6. 


c) mC, = 21 
(ees) a 
(n+2-—n)!n! 
! 
(n+ 2)! = 
2!n! 


(n+2)(n+1) (wit 3 
2(1) (af! 


(n+2)(n+1) 
2 
(n+2)(n+1) =21(2) 
(n+2)(n+1) = 42 
(n+2)(n+1)=7(6) 
By inspection, n+ 2 = 7 andn+ 1 = 6. Therefore, n= 5. 


=21 


Cumulative Review, Chapters 9-11 Page 551 Question 19 


Examples: 

Pascal’s triangle: 

(x + y)" = 1x’y° 4x°y' 6x°y" 4x'y° 1x°y'; the coefficients are values from the fifth 
row of Pascal’s triangle. 
(xty)°= 1x°y° 6x°y' 15x4y’ + 20x°y? + 15x’y* + 6x'y> + 1x°y®: the coefficients are 
values from the seventh row of Pascal’s triangle. 


Combinations: 

(x + yy" = 4Cox'y” +4C Ixy! + aOox’y* + 4C3x'y? + 4C3x°y'; the coefficients 4Co, 4C), 4C>, 
4C3, 4C4 have the same values as in the fifth row of Pascal’s triangle. 

(x + y)° = 6Cox®y? + 6Cix’y' + 6Cox"y + 6C3x°y’ + 6Cax’y* + 6Csx'y” + 6Cox°y®; the 
coefficients 6Co, 6C1, 6C2, 6C3, 6C4, 6Cs, 6Co have the same values as in the seventh row 
of Pascal’s triangle. 
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Cumulative Review, Chapters 9-11 Page 551 Question 20 


a) (x ty) = Ixty? + 4x°y! + 6x’y? + 4x'y? + Ix°y4 
=x" + dx°y + 6x’y" + 4xy? + y' 


Substitute x = 3x and y =-—5. 

(3x — 5)" = (3x) + 4(3x)(-5) + 6(3x)(—-5)° + 4(3x)(—5)° + (-5)* 
= 3*x* — 20(3°x") + 6(3°x’)(25) + 12x(—125) + 625 
= 81x* — 20(27x*) + 150(9x”) — 1500x + 625 
= 81x" — 540x° + 1350x” — 1500x + 625 


b) (x +y)’ = sCo(x)? (). - 301 (x)"(y)! + sCa(xV(VY + sCx(XY (VY + sCalx)'(V)* 
+ sCs(x)" (vy) 
= 1(x)°(1) + 5(x)"(y) + 10(x)° Oy. + L(x)’ (yy + S(x)y)* + 1D 
=x+ 5x'y + 10x°y" + 10x’y° + 5xy" +y~ 


Substitute x = = and y =—2x, 
x 


[22%] -(+) +34 ) ( -29)10{ + (n° vio( (xy oe }e 2x)* +(-2x)’ 
xX xX x 


“5455 a -24)+10( <5 - ae y10{ J =| 23 #)+5- Jerre _95x3) 
Xx 


-3,-104{ “Jato extol  |asives{ Jor 200 
x 3 x! x? x 


= 41 sox 4 80x3 —32x° 
x: x x 


Cumulative Review, Chapters 9-11 Page 551 Question 21 


a) Fourth term of (5x a3 yy : 
sCx(5x)"y' = 1025x°Yy" 

= 250x°)y° 
The coefficient of the fourth term is 250. 


b) Fourth term of (S-*'| : 
x 
(a) rr -5( 5] 
C3 2 (—x ‘)y = 56 10 (- x’) 
x 
=-56{ Jz ](0” 
x 


The coefficient of the fourth term is —56. 
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Cumulative Review, Chapters 9-11 Page 551 Question 22 


a) In combination notation, ,C;,, the second value in the row is n, and r represents the 
term 0, 1, 2, .... 
The next term is 25C4. 


b) The number of terms in this row is 25 + 1 = 26. 


c) 2300 is the sum of the two terms in the row above, to the right and left of 25C3. The 
values in the row above are 24Co, 24C}, 24C2, 24C3, .... 
25C3 = 24C2 + 24C3 


Unit 4 Test 
Unit 4 Test Page 552 Question 1 


Factor the denominator. 

x’ — 3x — 10 = (x—5)(x +2) 

x + 2 is a factor of both the numerator and denominator, so it does not correspond to a 
vertical asymptote. x — 5 is a factor of the denominator only, so it does correspond to a 
vertical asymptote and not a point of discontinuity. In statement C, the range should refer 
to y, not x. 

The correct answer is D. 


Unit 4 Test Page 552 Question 2 


y= 5 +3 has a horizontal asymptote at y = 3, a vertical asymptote at x =—2, anda 


X+ 
y-intercept of 1. 
The answer is B. 


Unit 4 Test Page 552 Question 3 


P(X) = R(x) — C(x) 
P(x) = 10x — 0.001x” — (2x + 5000) 
P(x) = 10x — 0.001x” — 2x — 5000 
P(x) = — 0.001x? + 8x — 5000 
=— 0.001x* + 8x — 5000 
0 = 0.001x” — 8x + 5000 
Use the quadratic formula, with a = 0.001, b =—8, and c = 5000. 
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_ —b+/b* —4ac 


x 
2a 
8) tyE8} = 4(0.0015000) 
2(0.001) 
0.002 
aa or y= BV 64=20 
0.002 0.002 
x=7316.624... x = 683.375... 


Check x ~ 683.375: 
Left Side = 0 Right Side = 0.001x” — 8x + 5000 
= 0.001(683.375)” — 8(683.375) + 5000 
= 467.001 39 — 5467 + 5000 
= 0.00 
Left Side = Right Side 
The answer is A. 


Unit 4 Test Page 552 Question 4 
h(x) =(f - g(x) 
me (x+1) 
x 
Since x # 0, the answer is B. 


Unit 4 Test Page 552 Question 5 
g(x) =x -2 


f(g(x)) = f° — 2) 
=4/(? =2)+1 
J | 
1 


m= Vx’ - 


The answer is B. 
Unit 4 Test Page 552 Question 6 


A set of five desks can be assigned to two students in sP2 ways. 
The answer is D. 
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Unit 4 Test Page 552 Question 7 


Cs Ps 6! n 4! 
(6-2)!2! (4-3)! 
6! 4! 
= —_ 4 — 
412! 1! 
_ (5) AF | 4(3)(2)0) 
MQ) I 
=15+24 


=39 
The answer is C. 


Unit 4 Test Page 552 Question 8 


Factor the denominator. 
2x° — 5x — 3 = (2x + 1)(x —3) 
x — 3 is a factor of both the numerator and denominator. So, it corresponds to a point of 
discontinuity. 
Find the x-coordinate: 
x—-3=0 
x=3 
Find the y-coordinate: 


*~ FG) 41 
ya 


The point of discontinuity is [3 *) : 
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Unit 4 Test Page 552 Question 9 


x’ x 


x +1 “4 
4x” = x(x* +1) 


4x’ =x? +x 


O=x°+x-4x? 
0 = x(x? +1-4x) 


x=Oorx’—4x+1=0 
Use the quadratic formula, with a = 1, b=—4, andc=1. 


_ -b+ Vb’ —4ac 
7 2a 
= ~(—4) + J (-4)* - 4()() 
2(1) 
eu 44+ 16-4 
2 
- 4+ 12 
2 
Aa /19 Ao, 
7 5 or X= ; 
xX = 3.7320... xX = 0.2679... 


The roots are x = 0, 3.73, and 0.27, to the nearest hundredth. 
Unit 4 Test Page 552 Question 10 


(2x + Sy)? = gCo(2x)*(Sy*)” + 4C1(2x)*(Sy7)! + 4Ca(2x)°(Sy’)? + 4C3(2x) (Sy)? 
+ 4C4(2x)(5y”)4 
third term: 4C2(2x)’(5y*)” = 6(27x”)(5’y*) 
= 6(4x°)(25y*) 
= 600x’y* 


Unit 4 Test Page 552 Question 11 
(x -2)° 
= sCo(x)°(-2)° + sCi(x)*(-2)! +sC2(x)*(-2) +sC3(x)"(-2)° +5Calx)'(-2)* +5Cs(x)"(-2)? 
= 1(x)°(1) + 5(x)"(—2) + 10(x)°(4) + 10(x)?(-8) + 5(x)(16) + 1(1)(-32) 
= x° — 10x* + 40x? — 80x? + 80x — 32 


The sum of the coefficients is 1 — 10 + 40 — 80+ 80 — 32 =-1. 
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Unit 4 Test Page 552 Question 12 


a) The transformations involve a vertical stretch by a factor of 2 and a translation of 1 
unit left and 3 units down. 


b) The equations of the asymptotes are x = —1 and y=-3. 
c) For the graph of g(x), as x approaches —1, |y| becomes very large. 
Unit 4 Test Page 553 Question 13 


b) 
domain: {x | x #—-2, x € R}, 


a 
Wi1=tsn-Lir tates 


range: {y| y#3,y € R}, x-intercept: = 


: 1 
-intercept: —— 
y p 5 


0= 3x-1 
ees x+2 d) The x-intercept of the graph of the 
0=3x-1 function y = ae is the root of the 
(aay x+2 
: 3x-1 
1 equation 0 = : 
—=xX xX+ 2 
3 
The root of the equation is x = : : 
Unit 4 Test Page 553 Question 14 
a) Factor the denominator. 
x-4 
x) = ————— 
1) x’ —2x-8 
x-4 
(=. 
(x-4)(x+ 2) 
Since x — 4 is a factor of both the numerator and denominator, it corresponds to a point of 
discontinuity. 
x-—4=0 
x=4 


To determine the y-coordinate, substitute x = 4 into the simplified function. 
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1 


_ x 
pO ay oo) 


1 
i= (x+2) 
1 
i= (4+2) 
1 
a 


: ae 1 
The point of discontinuity occurs at [4 *} 


Since x + 2 is a factor of only the denominator, it corresponds to a vertical asymptote. 
r= 0 

x=—2 
The vertical asymptote occurs at x = —2. 


To determine y-intercepts, substitute x = 0. 


1 
Cs aeeeer 
1 
o 042 
1 
v9 


The y-intercept is [o 5} 


To determine x-intercepts, substitute 


y=0. 
ol 
“eG 

041 


There are no x-intercepts. 


b) Factor the numerator and denominator. 


x +x-6 
PG) x’ +2x-3 
oe (x+3)(x-2) 
(x +3)(x-1) 
Since x + 3 is a factor of both the numerator and denominator, it corresponds to a point of 
discontinuity. 
x30) 
See 
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To determine the y-coordinate, substitute x = —3 into the simplified function. 
1 


Fe al Ce) 
(er3\(x-D 


1 


x=2 
f()=7= 
0 
(=== 
= 
f()=2 
f(x)=> 


The point of discontinuity occurs at (-s, +} 


Since x — 1 is a factor of only the denominator, it corresponds to a vertical asymptote. 
x-1=0 

x= 1 
The vertical asymptote occurs at x = 1. 


To determine y-intercepts, substitute x = 0. 


fy =X 
x-l 
eo. 
(1 
_ 
24 
v=o 


The y-intercept is (0, 2). 


To determine x-intercepts, substitute y = 
0. 


0= 


NO 


xXx- 


x-l 
0=x-2 
2=x 
The x: 


-intercept is (2, 0). 
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c) Factor the numerator and denominator. 


x’ —5x 
hO= x —2x-3 
_ X(x—5) 
P= (x—3)(x+1) 


Since the numerator and denominator do not have a common factor, there is no point of 
discontinuity. 


Since x —3 and x + 1 are a factors of the denominator, they correspond to vertical 


asymptotes. 
X= 3=0 xr 1 =O 
x=3 x=—| 


The vertical asymptotes occur at x = 3 and x =-1. 


To determine y-intercepts, substitute x = 0. 


x? —5x 
iO) x 9x3 
= 0° —5(0) 
0? —2(0)-3 
ya0 


The y-intercept is (0, 0). 


To determine x-intercepts, substitute y = 0. 

0= x’ —5x J 
x 23 

0=x’*—5x 


x=0 or x-5=0 
x=5 
The x-intercepts are at (0, 0) and (5, 0). 


Unit 4 Test Page 553 Question 15 


fx) =1— x GG) =2—1 

a) y= (f+ gy) 
y=l=x +x=1 
yeux 


domain: {x|x € R}, 
range: {y|y<0.25,y € R} 
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b) y=(f-—g)®) 


y=1=x =-@=1) 
yelax—x+1 
yHet=x =x 


domain: {x|x € R}, 
range: {y| y<2.25,y € R} 


Restrictions on domain and range: 
x-10 
x#1 


axe 


_— x-l 


_ (=x) +x) =I 
Oe a =) 


_ -#)(-1-x) 
of SxFT 


1 


y=-l-x 
y=-l-1 
y=-2 


domain: {x|x#1,x € R}, range: {y| y#-2,y € R} 


d) y=(F* HO) 
y=(l=x)e=1) 
vere —1ex or 

y=-x tx t+x-1 


domain: {x|x € R}, range: {y|y € R} 
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Unit 4 Test Page 553 


fix) =x—3, g(x) =Vx-1 
a) h(x) = f(x)+g(X) 
h(x) =x-3+Vx-1 
x—-120 
x>1 
domain: {x|x>1,x € R} 


0) h(x) = (4) (x) 
g 
h(x) = *D> 
OS el 
Vx-1>0 
x-1>0 
x>l 
domain: {x|x>1,x € R} 


Unit 4 Test Page 553 Question 17 


a) g(x) = |x| 
g(2) = |2| 
g(2) =2 


f(g(2)) = f2) 
f(g(2)) = 2°—3 
f(g(2)) = 4-3 
f(g(2)) = 1 


©) fla) = Aix) 
fig()) = x3 
fig) =x -3 


Unit 4 Test Page 553 Question 18 


a) f(g(x)) =2"** 

Let g(x) represent the inner function. 
g(x) = 3x +2 

Therefore, f(x) = 2°. 


Question 16 


b) h(x) = f(x)-g@®) 


h(x) = x-3-vx-1 
x-120 
x>1 


domain: {x|x>1,x € R} 


d) h(x) =(f -g)(x) 

h(x) = (x-3)vx-1 
x—-120 

x2 
domain: {x|x>1,x € R} 


b) (f° 9)(2) = f(g(2)) 
From part a), (f° g)(2) = 1. 


d) (9° (x)= 9(f) 
(9° NX) = gx — 3) 
(9° N= |x-3 


b) f(g(x))=vVsinx+2 

Let g(x) represent the inner function. 
g(x) = sin x +2 

Therefore, f(x) = vx. 
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Unit 4 Test Page 553 Question 19 


n! b) 
a) Geo nC, = 78 
: eee 
COE a9 (n—2)!2! 
: 1 
1 n(n—1) ! 
n(n—1) =420 ee = 78 
n(n—1)=21(20) r 
By inspection, n= 21. n(n—-1) _72 
2 
n(n—1)=156 
n(n—1) =13(12) 
By inspection, n= 13. 
c) (Gey =ds 
n! 


a CO) 
mgs 
(n—n+2)!(n—2)! 

n! a 
2\(n—2)! 


n(n—1) (n-2Ty 9 
2) (n-2jt 


n(n—1) 
2 
n(n—1)=90 
n(n—1) =10(9) 
By inspection, n= 10. 


= 45 


Unit 4 Test Page 553 Question 20 


a) There are 4! = 24 arrangements possible without repeating letters. 


b) With repeating letters, there are 4* = 256 possible arrangements. Therefore, there are 


256 — 24 = 232 more arrangements. 


c) No, there are fewer ways. Because the letter C is repeated, half of the arrangements 


will be repeats. 


MHR * 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 11 Page 75 of 77 


Unit 4 Test Page 553 Question 21 


a) The sub-committee will have 5 — 3 = 2 boys. 


4! 5! 
4G, X ,C,= x 
(4-2)!2! (5—3)!3! 


4! 5! 
=>-—_§_—..-_ xX. 
212! = 23! 


4B) 2H 54) BH 
2(1) (291.20) Bx 


= 60 
There are 60 ways the sub-committee can be formed. 


b) Case 1: Sub-committee has three girls 
From part a), 60 arrangements 


Case 2: Sub-committee has four girls 
The sub-committee will have 5 — 4 = 1 boy. 


4! 5! 
4G, X ,C,= x 
(4-DM!  (5—4)!4! 
4! 5! 
> Cs 
31) «1!4! 


eee 
86. 


1 


= 20 


Case 3: Sub-committee has five girls 
The sub-committee has zero boys. 


4! 5! 

4G) X ;C;= x 
(4-0)!0! (5—5)!5! 

4! 5! 

4M) OLS! 


=1 


Total possibilities: 60 + 20 + 1 = 81 
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Unit 4 Test Page 553 Question 22 


(x+y)! = 7Co(x)"(y) + 7C(x)°(V)' + 1CalxX)?(V)” + 1x)" + 1Cay'(V)" + 7CS(XY' OY? + 
7CaX)'(y)° + 7Cx(x)°()! 
The term that contains x° is 7C2(x)°(y)’. 
7C2(x)°(y)” = 81 648x° 
21(3x)°(a)? = 81 648x° 
21(3°x°)a? = 81 648x° 
21(243x°)a” = 81 648x° 


1 
» 81648 x% 
a’ = ——__—~}| 
21(243 x*) 
1 
a’ =16 
a=+t4 
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